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PREFACE. 


To perforin his work intelligently, an artizan uniat have a 
'knowledge of Elementary Mathematics. When he comes to 
appreciate this fact for himself the workman generally fincls 
that even the arithmetic he learnt at school has left him, and 
that he remembers little more than four simple rules and the 
multiplication table. Teachers soon discover that though 
anxious to learn, a student of this kind does not wish to lose 
contact^with the practical requirements of the workshop, — 
he ia impatient of “ pure ” mdiWfc>|aatic8,-— so the question arises 
how to teach him mathematic** enough, by dealing with the 
calculations themselves which he ia actually called upon to 
make at his work. . * > 

The plan which is found most successful is a compromise. 
It is useless to say that all students ought to learn the broad 
principles of mathematics- first, and apply them afterwards. 
Experience has proved that most artizans will not attend 
classes where the authorities decide that this is the only 
course. 

To meet the difficulty classes in Workshop Arithmetic, 
Workshop Calculations and Practical Mathematics, have grown 
up, and it is to provide for young workmen beginning to attend 
one of theee classes that this little book has been prepared. It 
will form with its sequel an* introduction to my larger volume 
cm u Practical iiathematics ” which has been received very 
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favourafily, and will, I trust, prove .serviceable to a class of 
students who deserve every assistance. 

A long experience in my outclasses has £>nvinced me that 
the solution of a large number of carefully graduated exyr&ea 
of a practical kmd is the l>ost way to maintain the interest of 
the student.. It will consequent be found that the most 
pi eminent characteristic of the present book, and of the supple- 
mentary part, is the sulsirdaiation of rigid mathematical proof 
to the provision of numerous problems drawn from th? student’s 
eveiyalay ex|M*rience. 

FRANK CASTLE. 

London, July, two 


PREFACE TO NEW EDITION. 

At the end of this edition Miscellaneous Exercises have been 
added, arranged in sections, corresponding roughly to those 
adopted in the book. It is that these may found 

useful either for working simultaneously with the sections to 
which they refer, or as revision exercises. Some corrections 
to the answers have been made : and this opportunity is taken 
to tliank*those teacheis who have directed my attention to 
the need for them. Acknowledgments are due to the Union 
of lancashire and Cheshire Institutes [L.C.U.]; The Union of 
Educational Institutions [U.E.I.]; The National Union of 
Teachers [N.U.T.] ; and other authorities who have kindly 
permitted the use of questions from theft* examination papers. 

F.C/ 

Hastings, August, 1918. 
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WORKSHOP MATHEMATICS. 


CHAPTER I. 

SIGNS OR SYMBOLS OF OPERATIONS. PRIM K NUMBERS, 
FACTORS, POWERS, MEASURES, (i.CM, L.C.M. 

The student who is not already familiar with the symbols or 
signs operations used in Arithmetic, will find they are labour- 
saving and very convenient? 'It is, therefore, advisable to 
become acquainted with them as soon as possible. It is hoped, 
however, that the majority of the symljols winch will be intro- 
duced as required in the following pages are alreadysknown ; if 
this is not so, they should be employed on all jsmsible occasions 
until they can be used quickly and accurately. 

Signs of Operation: Addition.— The sign * + (called plus) 
indicates that the number before which it is placed is to be 
added to the number Jn front of it. Thus 44-5 means that 6 is 
to be added to the number 4 ; also 4 4-54-7 means that 7 is to 
be added to 5, and then 4 to the result, or, simply the three 
numbers are to be added together. 

• The sign ss is used as an abbreviation of the words “ is equal 
to,” or simply “ equals.” Thus 44-54-7=* 16 is read as 4 plus 5 
plus 7 is equal to, or equals, 16. 

Subtraction. - The sign *— (called minus) is the sign of sub- 
traction, and indicates that the number which follows it is to be 
W.M. I. A 
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taken awl/, or subtracted from, the number which is placed 
before it. 

Thus 12-4 (read as 12 minus 4) means that* 4 is to be sub- 
tracted from 12 ; hence 12-4 — 8. *■' 

Multiplication. —When one number is multiplied by another 
the sign X is •placed between the Numbers; thus Gx4 means 
“ 0 multiplied by 4,” or G times 4, or the product of 6 and 4.^ 
From Fig. 1, where 4 rowi of dots are arranged, each row 
containing 6 dots, the result of multiplying 0 by 4 cafl be ob- 
• tained by the simple process of addition, 

• and the process of multiplication is thus 

seen to lie a brief and concise method of 

^ , , , , , . adding a given number several times to 

itself. Although this method can be used 

Fiu. i. -To show that when the numbers are small, it would be 
ttx4=*4xfl. a very troublesome process with large 

numbers. 

Again, as in Fig. 1, there are G vertical rows of dots each 
containing 4, the total number of dots is the product of the 
numbers 0 and 4, or G x 4 ; similarly, there are 4 horizontal rows 
each containing 6, and the produirts 4 x G ; hence 4 x 6 = 6 x 4. 

The number 6 preceding the sign of multiplication, x, is 
called the multiplicand ; tho num tier 4 following it is called 
the mult^lier ; and, as has been seen, the final result is called 
tho product. Moreover, since 6x4 = 4 x 6, the multiplicand 
and multiplier arg seen to lie interchangeable. The two 
• numbers themselves are called factors of the number denoting 
the product. 

Division may be indicated by placing the symbol ~ between 
two or more quantities. Thus, 8-r2 = l (which is read as 8 
divided by 2 is equal to 4 ; or, 2 into 8 is 4). Such division is 
often expressed by writing the two numbers in a fractional 
form, as § = 4. • 

The number preceding the sign of division, -f, is called tile 
dividend ; the number following it is called the divisor; and 
the result, when the operation indicated by the sign is per* 
formed, is called the quotient. * % 

In this way it is seen that the signs or symbols of operations 
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give definite information, enabling operations and results to* 
be written in a brief and clear manner. 

All these Gyrations may be summarised by the following 
%imj>le examples : 

4 + 5 = 0; 12-4 = 8; 

5x0=30,; 8 + 2, or 8 = 4. # 

£rime Number.— Any numlier which is divisible by no other 
number except unity is called m prime number; thus 1, 3, 5, 
etc., ar^ prime numbers? 

Measure, Multiple, or Factor.— A numW which* divide* 
an exact numlier of times into another number, is said to be a 
measure or factor of the latter; it is also called a sub-multiple 
of that number. 

14 = 7x2. * 

Either 2 or 7 will divide the given numlier 14 without a 
remainder, hence either of these numbers is said to be a measure 
of 14. 

21+3 = 7. 

Since 3 divides into 21 without a remainder it is said to be 
a measure of 21. 

These examples suggest a%ilc which may l>o stated thus : 

Rule. — // in the division of one number by another there is no 
remainder , the divisor is a measure of the dividend. 

Factors.— The two numbers 2 and 7, or 3 and 7 i» the above 
examples, are both said to l>e factors of 14 and 21, because 
when multiplied together they give the numbers 14 and 21 
respectively. 

Squares and Cubes. Powers.— When a number is multiplied 
by itself the result ifj called the square or the second power of 
the number. Thus the square of 3, or 3 x 3, is 9, and the square, 
or second power, of 4 is 4 x 4, that is, 16. 

When three numbers of the same kind are multiplied together 
the result is called the cidm or*third power of the number ; thus, 
the cube of 3 is 3 x 3 x 3, that is, 27. The cube of4is4x4x4 4 
or 64. 

In the nme manner, the, result of multiplying four numbers 
of the sane kind together is called the fourth power. Thus, the 
fourth power of 4 is 4 x 4 x 4 x 4. that is, 256. 
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By multiplying five of the same numbers together we should 
obtain the fifth power of the number, The sixth, seventh, or 
any other power, of a number is determined in a similar 

manner. «’ 

« 

Index.— Another and a very convenient method of indicating 
the power of a number is by means of a small figure placed near 
the top and on the right-hand side of a figure; thus the square 
or second power of 2 may he written 2x2, but more con- 
veniently as 2 3 , and the fourth j>ower of 2 either as2x$x2x2, 
or 2 4 . Similarly the square, cube, fourth or fifth power of 4 
would l»e written 4 a , 4\ 4 4 and 4 r \ 

Greatest Common Measure. -In addition to the measures 
just referred to, another important measure of two or more 
numbers is called the Greatest Common Measure of those 
numbers, and may be defined as follows : 

llui.K.— The areatest number which is contained an exact number 
of times in each of two or nacre tfiven numbers is called their 
Greatest Common Measure , or, as usually written, u.c.m. 

One method which may be used to find the g.c.m. of two or 
more numbers is to break them up^nto factors. € 

Thus, to find the o.c.m. of the two numljers 14 and 21. 

The greatest numlver which is contained an exact number of 
times in the two numl>e,rs is the: numlter 7, hence 7 is the o.c.M. 
required. • 

To find the o.t\ m. of the tw T o nuratars 45 and 120. 

On breaking both nund>ers into factors, we have 
45=9x5, 

126 = 9x7x2, 

and the o c.m =9. , 

Ex. 1. Find the o.c.m. of 21879 and 14872. 

Since 21879 = 9x 11 x 13x 17, 

and 14872 = 8x1) x l*x 13. 

Theo,c.M. is 11 x 13 = 143. 

Ex. 2. To find the u.o. m. of 2079 and 2898. 

Since 2079=9x3x7x 11, 

and 2898 = 9 x 2 x 7 x 23. 

The o.c.m. = 9x7 =63. 
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When the numbers are large, the process of finding the 
factors is rather tedious, and it is better to use the following 
process : • 

Rule.— To find the g.c.m. of two numbers .—Divide the larger 
of the two numbers by the mailer; then divide the smaller number 
by the remainder from the Jipt division ; divide th^ first remainder 
by the ?iew remainder , if any, and so on until there is no remainder. 
TM last divisor is the clc.m. reqnifpd. 

Thus* to find the o.c.M. of 21879 and 14872. 

14872 >21879 ( 1 
14872 

7007 ) 14872 ( 2 
14014 

m ) 7007 ( 8 
6804 

143) 858 ( « 

858 

o.c.M. = 143. 

In«finding the o.c.M. o^two or more nmnlxTH, the work is 
often simplified by taking out any common factor of the 
numbers before the division is made. This common factor 
must, however, be included in the g.c.m. 

When the g.c.m. of more than two numliers is inquired, the 
g.c.m. of two may first Ihj found, and afterwards the g.c.m. of 
this first result and the third number, and so on. 

Thus, to find the g.c.m. of 3024, 4752, and 7488. * 

The g.c.m. of 3024 and 4752 found as in the last worked out 
example is 432. In like manner the g.c.m. of 432 and the 
remaining number 7^88 is found to l>e 144. Hence, 144 is the 
G.C.M. of the three given numbers 3024, 4752 and 7488. 

EXERCISES. I. 

1. Find the highest number that will divide both 12499 and 
14790 without a remainder. What is that highest number 
called? 

& WMht is meant bv the Greatest Common Measure of two 
numbeA? 
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Find theVo.M. of the following sets of numbers : 


a 806, 357 and 504. 

5. 5777 and 7261. 

7 . 23700 and 26136. 

9 . 14938, 23474 and 32010. 
11 . 7500, 27720 and 108108. 
13 . 10058, 498^ and 9823. 
15 . 27531 and 8740. 

17 . 4781 and 0147. 

19 . 2022, 2793 and 2730. 

21 . 10f9527 and 1231845. 
23 . 24057 and 3645. 

25 . 17255 and 14101. 


4. 420 and 480. 

6. 40991 and 48151. 

8. 6023 and 15406. 

10 . 116039, 122067 and 13713 1. 
12 . 15496 and 12665. 

14 . 8?75 and 12025. 

16. 2301 and 3717. 

*18. 7535# 11645 and 61 05. » 

20 . 282660 and 40299. 

22 , 75582, 42237 and 5103. 

24. 3024, 4752 and 7488. 

26 . 13536 and 23148. 


Lta8t Common Multiple. When a number contain* another 
n mutter an, exact n mutter of time*, the first, number i* catted a 
multiple of the second. Thun, 15 is a mill tiplo of 3 and 5 ; 12 ia a 
multiple of 3, 4, and 6. 

The smallest number trhieh is dirigible by each of tiro or mors 
[ft re a numbers is ratted the Least Common Multiple of the given 
numbers, au<l is usually written l.c.m. t 

Ono method whioh may bo used4!b find the. l.c.m. of two or 
more gi\en immlnTa is to split up the numbers into their 
prime factors. 

Having obtained the factors, select the highest powers of 
each primo # f actor which occurs in these products ; by multi- 
plying these highest powers together the l.c.m. is obtained. 

* Ex 1. Find the M. of 42, 50 and 03. 

Here 42 3 \ 7 x 2, 

56-8 x 7 = 2® x 7, 

63 = 9x7 — 3 a x7. * 

The highest powers of 2, 3, and 7 that occur are 2\ 3 2 and 7. 
Hence the L.O.M. -2 J x 3 s x 7 

= 8x9 x 7^=504.; 

• A very convenient and expeditious method of finding the 
prime factors of numliers, the l.c.m. of which is required, is 
ns follows. 

Arrange the given numbers in fine, separating |hem by 

commas 
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Divide tho number* by any factor which 2 W2, 66, 63 
is a factor of two or more of them. 3 )21, 28, 63 

Thus, in solving the above example by this y 28~21 

method, first, dividing by 2, next by 3, and — ’ ’ — - 

fimflly by 7, we obtain in the last line the ® 

minders 1, 4, 3. 

'Hie L.r.M. is the produced the numbers in the last line and 
th# nuinlxTs which have been used as divisors. 

. .. H’M. 2;?3x 7 x4x3 

=--604. 

Wlien the given numl>ers are large, a similar method of 
arranging the numbers in line may be employed, but tho u.c.M. 
of the numbers must be used as the divisor. 


Ex. 2. Find the ij’.m, of 30*24, 4762 and 7488. • 

In this case the <; o.m as on p. 5 ia 144 ) 3024, 4752,J7488 
found to be 144. Dividing by the o.c.m. 3 j 21 , 33 " 62 

we obtain: 7 j U \ 62 

/. l.c. m. = 144 x3x7xllx52= 1729728. 


Referring to the preceding example, it will be evident that 
the process adopted in With examples is the same. In the 
first of the above examples 7 is the o.r m of the three numbers 
42, 66 and 63, and dividing by the o.c.m. the factors are 2 3 
and 3 s . 

Thea.c.M. of the two numbers contains all the prflne numbers 
and powers of prime liumliers common to the two numbers. 
Hence to find the l.c.m. we have the rule : Divide the product yf 
the numbers by their o.c.m. 

In applying this rule the convenient method when two num- 
bers are given is t* divide the. o.c M. tnto o ne of the numbers and 
multiply the quotient by the other number. 

Ex. 3. Find the l.c.m. of 2146 and 1287. 

In the usual way we find the o.c.m. =429. 

Hence lcm. = x 2145 = 6435. 

As the L.C.M. may lx* obtained by dividing the product of 
two numbers by tbeir s.c m., the product of two numbers is 
equ&V to the o.c.m. of the numbers multiplied by their 
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This can easily I>e understood by referring to Ex. 3, or by 
writing the problem as an ordinary division sum, thus •. 

o.o m. ) Product of two numbers ( 

To prove a division sum the dividend is multiplied by the 
divisor, lienee it is seen that 

(».<■ m. x l.o.m. - Product of two numliers. 

An old rule for finding the t.c.m. of three or more numtf*rs 
may in some eases be used w disadvantage. The rule is : Find 
the l.c.m. of two of the numbers, then proceed to find tKe l.c.m. 
of the third number and the n.c.M. already obtained, and so on. 

Ex. 4. Find the i. c.m. of 42, 56, and 03. 

The o.<’. M. of 42 and .*»<» is 14. The L.C.M. is { - x 56-168. 

The o.o. m. of 168 and 63 is 21. 

.*. i..e w. is V‘, M x63 504. 

Ex, 5. Find the u.o.M. and i,.c.m. of 1920 and 756. 

1 920 -2 \ 2 v 2 x 2 x 2 x 2 x 2 x 3 x 5 

756 - 2 ■ 2 • 3 x 3 • 3 x 7. 

The u.o, m. is the product of the common factors 
2x2x3-12. 

The L.c. m. - 1920 x 756 : 12- 120960.*, * 

EXERCISES. II. 

Find the Leant Common Multiples of 
1. 15, 20 ,*24, 30. 2. 44, 48, 96, 52. 

3. 90, 66, 42, 30, II. 4. )25, 27, 24, ISO, 136. 

. 6. 165, 198, 270. . 6. 192, 204, 272. 

7. 3024, 4752, 7488. 8. 132, 165, 2*20. 

9. 385, 231, 165, 105. 10, 555, 1221, 2035. 

11. 4781, 6147. 12. 7535, 11(^5. 

13. 5713, 5771, 6467. 14. 78, 84, 90. 15. 132, 161, 168, 25.3. 

16. When is one manlier prime to another? Find the o.o.M. and 
I* c.m. of 7560, 27720 ami 108108. 

17. State the arithmetical iule f<V finding the Least Common 
Multiple of three or more numbers. Find the smallest number 
Which when divided by 12, 15 and 18 gives remainder 1 in each 
case. 

18. W T hat is the L.0 m. of two numbers ? Find the least sum of 

money that can lie exactly distributed eiflier in half-crown^ or half 
guineas. « 
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19. Resolve 2310, 6552 and ‘J 1 6,“> into Ihcir prime factors and 
thenoe deduce their l.c.m. 

Find the L.c.M^of 

2a 40, 42, 44, 48. 21. 108, 405, 2475. 22. 18, 51, 34, 7, 30. 

23f Find the o.r. M. and the of the numbers 15496, 12665. 

24, Find the and of 123, 147. 

25. Find the i.x m. of 959, 6973, 2329. • 

2^ Find the u <\M. of 27781, 23507. 

27. Find the L.O.M. of 20, 12, 15, *18, 4; and the is.c.M. of 702, 
1368, im. • 


Summary. 

The signs of ojieration ate -f (addition), — (subtraction), X (multi- 
plication), (division), and = (equals, or equal to). ^ 

Prime numbers are those mimln'is which are divisible by no other 
number except unity. 

Measure or Factor. A number contained an exact liumlx r of 
times in one or more numbers is said to b<* a measure or factor of 
those numbers. . 

Powers. -When a number is multiplied once by itself the result is 
called the sqtiaie oi scumd power of the numlier. When multiplied 
twice by itself the plod net is galled the cube of the number. 

Index.— A small number near the top ?«id on the right, of a given 
number is called the index, or power of the number. Thus the 
square, cube, and fourth j)ower of 2 would lie indicated by 2 1 , 2 3 , and 
2* respectively. 

Qreatest Common Measure. The greatest number wlftch is con- 
tained an exact number of times in each of two or more given 
numbers is called their It is often also called the Highest 

Common Factor, or h.c.k * 

Least Common Multiple.— 1 The smallest number which contain# 
each of two or more numliers is called the Least Common Multiple, 
or L.GM., of the numbers. 
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VULDAR FRACTIONS. 

Fractions. ~ Suppose tlmt any unit (such an a rod one yard 
loyg) is divided into three equal parts; each of these jiarts is 
called one-third (J) of the whole, and two of these juirts together 
make two-thirds (ij) Kaeli of these quantities, ij, is called a 
fraction. A fraction may thus be delined as a part or parts of a 
whole. 

The section of Arithmetic dealing with the subject of fractions 
is very important, and should receive the best attention of the 
student. In Fig. 2 one end of an ordinary foot-rule yard) is 
shown. The distance between a and b or b and e (which repre- 
sents an inch 11 . each case) is divided into 8 or 10, and on some 


T 

_i 



Flo. 8. —Showing ono end of a scale of inches and fractions of an Inch. 

scales into 12 or 16 equal parts. Snell a rule or scale, which every 
student is supposed to possess, is a useful instrument with which 
to illustrate the four operations of Addition, Subtraction, Multi- 
plication, and Division. Consider any length on y»ur scale, 
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a 


such as from b to f, the third division towards e. Tina length 
is spoken of as three-eighths of an inch, and is written $}*. The 
number below tlfc line is called the denominator of the fraction, 
and indicates the number of jiarts into which the unit has boon 
divided. The upper number of the fraction, in this case 3, in 
called the numerator of the fraction, and expresses the number 
of parts, in this case eighths, which have been taken. Or, 
exposed in another wav, ^ 

• ,, numerato! 

r faction— , 

denominator 

When the numerator and denominator of a fraction are each 
multiplied or divided In/ the f>ame number, the ml ue of (he fraction 
ik unaltered . Thus, for example, if we multiply both the 
numerator and the denominate! of our fraction g by 2, %o 
obtain as a result the fraction This simply indicates that 
the unit ab (Fig. 2) is dmded into sixteen jiarts liifttead of eight. 
Each part is therefore twice as small as liefore, and in order to 
obtain a fraction equal to the original fraction, twice as many 
of these smaller (Kiris must be taken, t.e (I. 

By £iich simple methods as those suggested, it should bo 
(Kissible to easily understalW tin* above propositions. 

Addition, Subtraction, and Comparison of Fractions.— 

To add, subtract, or conijiare fractions having the same 
denominators, it is only necessary to add, subtract, cw compare 
the numerators of such fractions. When the denominators are 
not alike the fractions under consideration must first lx* reduced 
to equivalent fractions, each having the same denominator. 

Thus, to add and of £1 together, since the 7 and 
the 6, in the numerators of the fractions, indicate the mimlier 
of shillings concerned, the answer is 13 shillings or of a 
pound ; by subtracting one from the other we should get A of 
£ 1 . 

If we wish to add ; and ,* 4 together we cannot proceed in 
the same way tieeause there are 7 things of one kind and 3 of 
another. We must pioeeed to make the fractions represent 
things which are of the same kind, and when this is done the 
addition gf the two fractions can Ixj effected, lienee, we first 
make J^into || by multiplying numerator and denominator 
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by 2, then by adding the numerators of the fractions we obtain 
fj[. This simple example should Iw verified by the foot-rule. 

Improper Fractions.—' Those fractions in which the numerator 
is not leas than the denominator ait: called Improper fractions. 

Any whole mimW can always Is: expressed in a fractional 
form, thus f> , ^ - \r -- - 4 A , etc-. « 

A Mixed Number is a number consisting partly of a v hole 
number and partly of a f ration ; su^h numbers as •*>&, f>&> 
etc., are called mixed numbers. 

The mixed number (>.J indicates (j + 4, and to represent this in 
a fractional form, (I is expressed as a fraction with denominator 
!), thus ? ; to this add and we obtain (ij, - 

In a similar manner any mixed number may be expressed as 
an* improper fraction. 

Mmh tiouble is frequently avoided in the addition and 
subtraction of mixed numbers by adding or subtracting the 
"hole ntimbcis liist In multiplication and division it is 
always advisable however to first reduce to improper fractions. 


Ex. 1. Find tho value of s' + j + | ■ 


8i + li+ • 


- 9 F J + \ + i 


(I 4- 3 * 4_ S 4 7 4 

1 79-74 

. 04 . 1(15 
“ » + 1 0 5 

= 10 . 

Ex. ‘2. Find the value of £ - J - fV “ a* 

Uf.M. of the denominators is 48. 

Hence the given fractions may be expressed 

40 rt i i o 9 a : i i _ l 

~i* 4« + 4*f ~ TS - “ 4* ^ 419 ^ lit* 

Ex. 3. Find tho value of 1 + 4* 3 “ |*<2 **' 

The given fractions, all with a denominator 24, ure equivalent 
to the following, 

si + n"iT + ?l '21 al' 
or better written as 


12 I 16 - 4 ^ 9 - 2 ~ 7 _ 24 _ , 
24 



VULGAR FRACTIONS. 


IS 


The arithmetical work involved in the addition, subtraction, 
or comparison of fiuctiona, is in practice often considerably 
lessened- by deling with two or tlnve of the gi\cn fractions 
at a time. When this has been done, and the fraction in its 
lowent terms representing the sum or difference of two or three 
of the terms has been obtained, proceed to add or subtract the 
remaining quantities. • • 


Bte. 4. Find the value of 

lilul 7 _ f 1 j Id 
• + :i * i fl h i a i i 

Here J + J - 5 J, 

also { [? - J, and a + g - # 0 . 

The given fraction thus becomes 

i _ i i l i __ l 

h in and M - jo - jo* 

iii ii i ii» i • 

:* 1 .i + l .1 N 1 0 + I - jo- 
in the last example, it will be noticed that by dealing with 
the fractions, three at a time, the arithmetical woik is less than 
would lie necessary if the i,.c m. ( 1 * 20 ) of all the denominators 
had been used. 


KXKKCIKKS. III. 

Subtract * 

1. 25J5 from 31 }J. 2. ?J fimniilJ. 

3. 23go from . 12 3 5 . 4. I-*'!# from 

6 . Prove from the definition of a fraction that g jV ~ ]. State 
in words the mle that you deduce for the addition or subtraction of 
fractions with unlike denominators. 

6 . Find the value of \ 4- l ~ j® + Ju " 55 “ ifr « 

7. Find the greater of and , and divide {? by their 
difference. 

8 . Add together 5 and jV Draw a figuie to illustrate the 
’ manner in which the difficulty of the addition of fractions with 

unlike denominators is surmounted. 

9. Find a number such that, if one twenty fourth part of it be 
taken away, the remainder is 253. 

10. Arrange in order of magnitude the fractions } jp *£, l- 

1L Add together 2 j, 3 jp fff. Explain why fractions are reduced 
to a common denominator in addition. 

12, What in meant by (a) the numerator, {b) the denominator ot a 
fraction* Prove that 4 = l, and add together w + \ >i + jV 
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Add together 

13. I i, J and fi V 14. 2j, lj\, r>u and & 

15. 5.A, 2,V J jj and J{. 16. 5^, 3 2 ’ t , & J and { J ' 

17. »{, ! J, 1 5 and 1 . 18. 2j, J J, 5? and -JJ. 

19. 4/*, 2-15, 3j and ,V 20. 2j, & 3} J and -j. • 

21. I Jo. -’ii' ji! and I ,V 22. ^ ! J, J, 1 JJ and ,V 

23. Whit in tin- dillciencu between the sum of jj + » and the»jium 

of { + ! ? *■ t 

24. Find the mini of 4./ rt , 3, S g, 1 

25. What lunnher added to 1 \ + g® will make 3«.J j? 

Find the dill'ernieo between 

26. 1 “ ;i + l - 7 and \ + } + l + *. 

27. H l + J + fiindJ-J+J-J. 

Find the value of 

00 * i - - I S j, J _ 1 4. 4 on “X r >_l7,2.17 7 

28. ... + a t\ -*■ I so + fi* 29. 5 + I u + IT + i j + s 6 - 1 ?• 

30. J + ? + ! + . ,! r, - J. 31. Subtract j 3 from , 4 , of 2 T V 

Multiplication of Fractions. — To multiply a fraction by any 
whole v umber y either multiply its numerator by the number , or 
(firitle it* denominator by the number. Tims, suppose the fraction 
is * and we require to multiply this by 4. As already explained 
j} moans that the unit is divided into 8 equal parts and .3 of 
these equal puts are taken. Hut 3 sueli parts multiplied by 4 
will give ^2 puts, that is, 12 eighths of the unit, 

ijxd-Vh 

It is easy to prove this by reference to the scale of inches (Fig. 
*2), and also to show that the result Mould lie the same if, 
instead of multiplying the numerator by I, the denominator 
were divided by that number. 

Again, 4/ reduced to its lowest tenfis by dividing both 
numerator and denominator by 4, liecomes .>1 ; but this result 
would also lie obtained if the denominator of the fraction $ 
were divided by 4. 

It will also lie obvious that the process of multiplying a 
fraction by any whole number is the same as adding together a 
corresponding number of fractions, the denominators being the 
same in each case. 

•A x 3 ~ A + A F . ° r =* 1- 
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The result, which may lie obtained either by multiplying the 
numerator of the fraction by 3, or dividing the denominator by 
that number, is Rie same. 

Division Of Fractions.- To divide a fraction by a whole 
number, either divide the numerator fa/ the number, or multiply 
the denominator fa/ it. # # 

To divide the fraction ■} by 4. 

Ah shown on p. 11,2 ]%the hitter fraction meaning that tho 
unit is divided into 32^-qual puts and It! of these pirts are 
taken; dividing these 12 parts by 4 we obtain three such parts; 

This again should be \erified by meaiiH of a foot-rule. 

Divide {2 by 4. 

Dividing the nmneiator by 4 we obtain the fraction ,3 l ,«>r, 
multiplying the denominate! by 4, the fraction becomes j[.j, and 
this when reduced to its lowest trims gives tin; same value as 
before. 


M 


To multiply a fraction by a fraction.- The rule is : Multiply 
the numerator * toy ether to obtain the numerator of the product, and 
the denominator x to obtain the denominator of nueh product. This 
can be shown to l>e true in%iy particular case in the following 

* U * or as it is sometimes written g of l. 

Using the scale of inches (Fig. 2), as the distance from a to b is 
the unit, the distance ac will be represented by tyit wo are 
directed to take $ of this distance, 
and jj of this half unit is fa of the 
whole distance; hence 2 of I = 

To show that f of $ =-- fa. 

This may lx? done in a similar 
way to the als>ve, or as follows : 

Construct a square A BCD of side 
equal to 5 units of length (Fig. 3). 

Divide the base BC into 5 equal 
parts and through the points of 
division draw lines at right angles 
to BC as shown. Divide A B into 
3 equal mrts. Then A MFE is £ of A DFE. But A DFE is § of 
the square ADCB , Hence AMNE is £ of <j of the square 


H 


E 


B 


G 


Fig. 8.— To show that 
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AHCn. •Hut from the figure, si nee the square is divided into 
lfi equal jjarts, and AMS E contains 8 of these parts, hence 
AM si: A bCIly « 

• }. "* S * iV , 

When three or moio fractions have to ho multiplied together 
the product «4 all the numeiators apd of all tin* denominators is 
obtained, these results are used as the numeiatoi* and denomin- 
ator respectively of the required fraction. 



Cancelling. In the above example, by eaneelliny common 
factois the \\otk is jHufoimed in a simpler manner than by 
attempting to multiplv all the numerators together to foiui a 
nqw numeiator, and tin* denominators togetlier to form a new 
denominator. Whciever possible it is advisable to write down 
all the terms, and before multiplying or dividing to cancel the 
common teims m both numeiator and denominator. 


Division of a fraction by a fraction. — To divide one fraction 
by another invert the divijtor and multiply the other fraction by it., 
Mince division is the revei’so of multiplication, | divided by $ 
(written l : •), means such a fraetiilfi which when multiplied by 


3x83 

fl will give as a result and the numlier is - or 3. 

4x2 1 


Simpli^cation of fractional expressions. -The simplification 
of fractions, although in some cases rather tedious, is of great 
importance. 'Hie following examples will serve to illustrate 
•some of the methods adopted : 

hH+l 

Here the equivalent fractions become f fi, + £, = |£, and 
tlie sum ]) is obtained by adding the numerators. 


Er. 1. Which of the two fractions » and ’ is the greater? 
The first is equal to the secoiid to l \ . 

Hence the first is the greater. 


Ex. 2. Find the value of * of 6* of ] 2. 
Here, £ of (ij of •= * x x -j-* , 
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Ex. 3. 

Simplify 

_ 4 " 5 + fl ~ 0 + 1 « 

<1 5 , 2 • 1 

30 .10 + j a iff 

5 0 *20+75 7 5+10 


1 4_ 1 

a+n 


_ .10+ IS 

„ 00 _ _ 


1,1,1 

” .1 rt + 1 <M 4 r. 


a IT + 7 2 + r A 

“ 7 *2 0 ' 


^ 7 a 0 x H (i 4 



^ 0 0 x 4\l II l 1 

• 

E* 4. 

9 c ( 4 1 _ 9 _ 

Simplify v:# 

. # + a “ 14 

*'^,,f ( 4 ; -‘il+v’o). 


It X ' 1 S *2 1 5 4 ' ,, 7 _ 1 \ 

l 7 _ 1 a x V~| o 'if 

1 x 14 


EXERCISES. IV. / 

1. Explain what is meant hy the statement that £ is three times 
a« great as ./ 4 ; also give a definition of multiplication which shall 
include the multiplication of one fraction hy another. 

2. State and explain the rule for the division of fraction*. 
Divide 33* by 7*u, and bring the result to its lowest terms. 

8. Find the quotient of j divided by 1 j 1 *, and dividefthe result 

by aV 

A Multiply together 8^4- of 1 /p 35 and 3* of 1 1 J 0* 

5. Divide lOj jS by ff/g and the result by 

8 , Divide the difference between 45o and ljjJ by the sum of 2j 

and 1§. • 

7. (i) Multiply together lg, 3g, lg, and </#. (ii) Divide 2fV 

by 8®. 

8 . Divide 2ft + 2 'll - 3a 4 j by 2,\ + 3? - 4?. 

Simplify* v 

9 -Mri-l’- 10. l!of2iofSjoHj. 

1 of 1 J 

U. \A-\\+ tb - si 12. 2? of 13? of 7fu - J- 
W.M. 1. B 
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Simplify 

15. | of A of 25. 

16. * + * ! r^ 

f °f 2 


14. II of 2 a of 7 of 10j - A* 
16. (3} + 2i+fi})x2}ofl]f-Jj. 


17, fcf of of of 1 1 * 5 - 

I'd f + |j 

19. si Of — ! f ‘‘f + 5 l. 20 

* +3 : 

< 9 + 2 ,' 

21. (I) i-i + A-A + ii 


2] ~ g of 1 ^ 
6 of 3g + g. 


.i^L Bj + ioJ 


<«> ■ , .of J VT V i ;/< of(4;-2l + A). 

^ 2 1 4 


Find tho value of 


-ft °f l] l ~ 3 


^ 2j +3J ^ 

24. (2}of5?) + (3jof9j)-iojj. 

25. * 7 t T +2? x (9* - o{ l) '1 . 

9 iV y lJ 1 -A 

26. 

4 + S + f 

27. How many times is the difference between 


contained in their sum ? 


3 of j Soft 

T nm ‘ /of 4 5 


2& By how ranch i a + f - T >„ gr ^tcr than s % » 

Add together 

». j, g, t* tY «nd iff- . 30. A. TT. A and A- 
31. f. *• i> iV and It 32. A + A + A + A + A- 
33. Of a regiment of soldiers, are killed or disabled in the 
first battle, ?yths of the remainder in the second battle, and Aths 
of the remainder in the third ; if 512 men are left, hov: many ware 
there at first ? > ' 
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MISCELLANEOUS EXERCISES. , 

1. Kind the su^i of 3 { y, 2^ } 

2 . #Divide xV °f by 7]J- 

3. Multiply together 4yV °f bj! of $3 and of^*£. 
4« Subtract 1 & of 3 j 4 6 from 

3.i> 

5. Subtract I-I from 3- of 10 { 

. I"# 

6 , Divide 3.* of 1 j 5 a by f>J and the result by if. 
Reduce to the simplest forms • 


«>*S 


6{“5j 

ni + 1 




8 . 


D >‘1 19 


10S 


ol h 7 T 


(!W 


(;] of n “ 2 of S) X j of 

131 f . 4v «}- «}<*?_ 
llir 4 .» °' fka + *« a 

5 + 2y of 'jo 0* / , _ 9 \ 

30-0!! of 2^23? ° f 21 1 *'* 

10 ^l l ^Ty of 10 /t (5 J " 83) Of 2g 
3 1 + y*j of 13| X 1^ of (2gr -f I3) 

is ?S?TJlZ.®iW _ 3 f + 6 5 of l\\ 

27xi + 2jrj 1 xx of 255 +48 J 


KF *5 


4y 3i* S “2yV' + ‘ii 
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Reduce to the lumpiest forms : 


llUl 2 i S 3 _ 2 

Ifl 1 A 1 + 4 _L 1 1ft If 

18. ,'i i» of 4ft of j . j + 3 * 19. a _ .■» * t i 2 ' 

4 + r. *** ft :» 4 fl ■+■ 5 



21 . rr? of I , j of Y,i' of 685 - 

t 2 + ft 4 + 5 fl ' T 


22. What number is that from which if - A be deducted and 

4 1 

to the remainder “ lie uddetf, the sum^vill be 3<f j{ 1 

1 4 

1 j >t 2 

23. Simplify the expression "|x ^ 

7 4 5 A 

24. The price of coals rises from 1 f>s. 9d. to IKs. 6d. per ton. 
What is the extra expense to a firm laying in 24 tons, fin amount 
fc’hich is ’ less than their usual supply ? 

26. Add together 2.1 1 and 


26. (i) From 8? tbke fi* ; (li) multiply 4g by J®. 

27. Simplify (6? + ll) : (si-a!)- 

28. The value of a ship and its cargo is £ 17,600, if the value of 
the cargo is seven times that of the ship, find the value of the 
cargo, and the ship. 


29. Two taps can separately fill a cistern in 9 and 12 minutes, 
and the waste pipe can empty it in 8 minutes. How long will the 
two taps together tako to fill the cistern when the waste pipe is 
open ? 


30. A*man pays a tenth of his income in rates and taxes, and a 
twelfth in insurances. He has left £492 13s. Id. What is his 
income ? 


31. A sovereign consists of 22 parts by weight of pure gold to 
2 parts alloy, and it weighs 123 *274 grains troy. Neglecting the 
value of (he alloy, what is the value of pure gold per ounce troy to 
the nearest penny ? 

32. A can reap £ of a field in 2$ days. B can reap f of the field 
in 4l days. In what time can* A and B reap it when working 
together ? 

83. A cistern can be emptied by one tap in 4 hours and by another 
tap in 6 hours. In what time will the cistern be emptied when 
both taps are opened ? 

31 Three pipes are used to fill a tank. It is found that the first 
tap will fill the tank in 3 hours, the second in 5 hours, and the third 
in 6 hours. What time will be required when ail th^ee are used 
together ? 
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35. If y of a plot of land is worth £36, what is the value of the 
whole plot ? 

36. Reduce £3. fls. 8d. to the fraction of £7. 

37. 7 2 yards of flannel cost £1. 6s. iOd., what is the price 
per yard ? 

38. Simplify (i) jj + J + J- VoV 
• (»») 

39. Find tlic sum of J of*l(ls. lid. and of 16s. 8d. 

40. Simplify Q i ] !o- 

41. Add together 5 of £1, of 18s (kl., and ^ of (is. 5d. 

42. A tiink when ] full of oil weighs 3 lhs 1.7 0 / , and when 

full woigKs 7 lhs. Find the weight of the tank (u) when empty, (ft) 
when full of oil. fLC.IT] 

43. A piece of land consists of 2.1 acres, of it is occupied by a 

house, \ of the remainder as a kitchen garden, and the rest os a 

paddock. Find the area of the paddock. [N.U.T.] 

44. A roll of calico is 32 }ds. long; 20 yds aie cut off. What 

fraction of the roll remains? If the lemaindcr is worth 7s. 3d., 
what was the value of the 1 oil 9 [N.U.T.] 

46. A penny weighs ^ or., and consists of an alloy of 95 parts 
copper, 4 parts tin, and 1 nnc If copper is worth £66 per ton, tin 
£170 and z.inc £25, find the value of the metal in 240 pence. [L.C.U.] 

46. The difference I « tween a quarter of x and a sixth of x is 1 '7 
inches. Find x in feet. 4N U.T.J 


Summary. 

A Fraction is a part or parts of a whole. 

To add or subtract Fractions. — Reduoc, if necessary, to a common 
denominator, then add or subtract os required and place the sum or 
difference over a common denomyiator. 

To multiply Fractions.— Multiply the numerators together for a 
new numerator and the denominators for a new denominator. 

To divide Fraction*. -Reduce, if necessary, both fractions to a 
simplo form, invert the divisor, and proceed as in multiplication. 

To reduce a Vulgar Fraction to 1U lowest terms.— Divide l>oth 
numerator and denominator by any factors common to both, or find 
the o.c. numerator and denominator, and divide both by it. 



CHAPTER III. 


DECIMAL FRACTIONS. 

t » 

ADDITION, SUBTRACTION, MULTIPLICATION, A^D 
DIVISION* OF DECIMALS. 

A Dkcimal Fraction is a fraction in which the denominator 
is some power of 10, such as 10, 100, 1000, etc. 

Decimal Fractions. - In a number such as 5555 (five thousand 
five hundred and fifty-live) it is seen that the samoffigure is 
'used throughout, but the values of the different fives vary con- 
siderably. For every place a 5 is removed to the left its value 
is increased ten times. Or, in reading a set 'of figures from 
left to right, each figure has one-tenth the value it would have 
if it were unwed one plaee to the left. 

Decimal fractions are obtained by using the same notation to 
indicate numbers less than unity, <£»ch digit having one-tenth of 
the value that it would have if it stood one place farther to the 
left. Thus 5 555 means 5 + + rita + tcfW* The point used in 

this notation is called the decimal point, or simply the point. 
The abow number would l>e read as “five, point, five, five, five.” 
In a similar manner, 8073 would be read as eighty pointy nought , 
iffven } three. 

By means of the foregoing explanation the following table, 
giving in a few oases the relative values of the digits to the left 
and right of the decimal point, will be readily followed : 

I 



4 3 2 1*2 3 4 5 
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Addition and Subtraction of Decimal Fractions.- 1 - When 

decimal fractions are used, the simple rules of Arithmetic can 
bo applied readilyfcnd easily. The addition and subtraction of 
decimal fractions are performed exactly as in the c^se of whole 
numbers ; the only precaution necessary to prevent mistakes is 
to keep the decimal points under each othor. . 'The following 
examples will show what is nfeant. * 

Ex* 1. Add together 3G *053, %x 2. Subtract 578 9345 from 

•0079, 00095, 417 0, 85 5803, 702 387. 

and -00005. 702'387 

36 053 578 9345 


0079 

•00095 

417*0 

* 85-5803 


123 4525 


538-64220 

In each case the decimal points are placed under each other, 
and the addition and subtraction arc carried out as in the case 
of whole numbers. 


EXERCISER VI. 

Add together 

1. 00946, 8*0203, 156 98, and 4.5 9876. 

2. 131-121, 2-86754, 00102, and 63-2059. 

3. 26-489, 1*2687, 342 76, and -00923. 

1 352-789, 1-0021, 11 4218, and 0102. 

5. -000495, 16-96, 5 043, and 60 001607. 

6. 226-918706, 21 0674, 3 09631, and "25732. 

7. 47**01913, 635*77, 00187, and 352 9. 

R -6183, 151-65, 9 00074, and 580961. 

9. 362-134, 031427, 3076, and 4 987. 

10. 0487, 151-65, 9 00074, and 64 4683. 

1L Add to the sum of 13 0009, 4 5672, 1 89, and 007999 
quantity which shall make a total of 20. 

12. Add together -7055, 324 -88, *7 08213, and 0621. 

Subtract *. 

IS. 07063 from 1003032. 11 21342071 from 3014603527. 

15. 28-3097625 from 4109317. 16. 28 7643 from 37'593165. 

17. 30*86762 from 75 4017. 18. 53 -58107 from 61*62005. 

19. 40-WO3 from 8602307. 
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Add together 

20. 3410764, 2 '987643, 0047 and -4698732. 

21. 47*003, 99, 910009, -999 and 00054321. « 

22. 2 0013, J 17 9983, 47 *231801 and -04713283. 

23. 504*003, 047025, 37*0078 and 14-80607. 

24. 43*587, -60935, 501*097 and 18329. 

• • 

Sulitract 

26. 357*908 from 5032 07. 26. 129*6398 from 431-265. * 

27. 15 01853 from 47 00. 28. 48*398075 from 121 0768. 

29. Add together 11-9250, *00946, 8 ‘0203 and 125 687. 

30. Subtract 436-937 from 501*0258. 

31. Add together 4*0255, *60843, 4307 "0582 and 327*8645. 

32. Add together 3*10705, 537*063 and *84379. Subtract the 
rqsult from 601*0173 

33. Add together 4310607, ‘617634 and 376*473, and subtract the 
result from 400. 

Multiplication of Decimals. --The process of multiplication 
is carried out in the .Mine manner as in the case of whole 
numbers Commencing from the light, as many digits are 
pointed olV in the prodint as there are digits following the 
decimal points in the multiplier find the multiplicand added 
together. 

Ex. 1. 36 42 x 4 7. 

Multiplying 3642 by 47, we obtain the product 171174. As there 
are two digits following the decimal point in the multiplicand and 
one digit following the decimal point in th« multiplier, we point 
off three digits from the right of the product, giving as a result 
171*174. 

Ex. 2. *000025 * *005. 

Here 25x5 = 125. 

In the multiplicand there arc 6 digits following the decimal point, 
and in the multiplier 3. Hence the product is -000000125. The 
positions to the right of the decimal point, occupied by the six 
digits and, the three digits referred to, are often spoken of as 
"decimal places”; thus *000025 would be said to consist of six 
decimal places, or two significant figures. 

A similar method is used when threo or more quantifies have 
to be multiplied together. 
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Ex. 3. 2-75 .< "275x27 '5. .* 

The continued product of 275 x 275 x 275 ia found to be 20796875. 
Now there are twl decimal places in the first multiplier, three in the 
second, and one in the last. This gives a total of 6 decimal places 
to b^marked oiF. Hence the required product is 20*796875. 

In addition to applying this rule for determining tho number 
of cj^cimal places, the student should mentally veiify the work 
wherever possible. Thus, in the pboxc example, by inspection, 
it is seen that 275 is ifrarly and of 27 is 9. TIub result 
multiplied by 2 shows that the final product will contain two 
significant, figures, followed by decimal places Rough checks 
of this kind often pre\ent absurd mistakes finding their way 
into the work. Moivmor, they lead the student to iely upon 
his own winked aiisweis. « 

Ex. 4. 73 0214 s '0.7031. 

The product obtained as in |irevious cases is 3 073706634. 

In practice, instead of using the nine, decimal ] daces in such 
an answer as this, an approximate result is, as a rule, more 
valuable than the accurate one. The approximation consists in 
leaving out, or, as it is calfed, reject ) iuj decimals, and the result 
is then said to 1 m- true to one, two, three, or more decimal places, 
depending ujsm the number of decimal places which are retained 
in the result. The rule adopted when decimals are rejected is 
as follow’s : If any rejected figure is 5, or gi-eater timn 5, add 
one to the pieeeding figure; but if the rejected figure is less 
than 5, the preceding figme remains unaltensl. 

Thus, in the last example the result true to one decimal place* 
is 3*7 ; the rejected figure 7 lieing greater than ft, the preceding 
figure 6 is increased by unity. The result true to two places is 
3*67 ; the rejected figure 3 is less than ft, and the preceding 
figure is therefore unaltered. In a similar manner the result 
true to three and four decimal places would be 3'674 and 3 0737 
respectively. * 

When, as in Ex. 2, the result is a decimal fraction, the decimal 
point being followed by a nuruls-r of zeros, the numW of 
decimals must obviously be sufficient to include one or more 
significant figuies. Thus, in the example referred to, the throe 
significant figures 125 must be retained. 
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EXERCISES. VII. 

1. Show that the number 32*1065 will be multiplied by 100 if 
the decimal point be moved two places to the right. 

Multiply* 

2. 8 03 by 008. 3. '0016 by *008. 

4. I *005 by *005. 5. ^83 026 by 2 000099. 

6. *7281075 f>y 096008. 7. 14*95 by *00734. 

8. 16*02 by *0007. 9. '002897 by 3020. 

10, *47923 by 90*24. * 11. 423 *109 by *00785. 

12. 47 '308 by 17 '0909. 

13. Multiply 4*62 by *025 and the product by *0019. 

Multiply 

14. 13 &4073 by 26 035. 15. 150*079 by 14 *00014.' 

16. 4632700 by 0172. 17. 7 51 by *0016. 

18. '0625 by 1 *74. 19. 049 by 3*417. 

20. 16*02 by *0007. 21. 32*47 by *0033. 

22. 2*574 by *00005. 23. 12 345 by *00014. 

24. Multiply *671 by *12 and by *0420. 

Division of Decimals. The <li\ision of one quantity by 
anothor when decimal* enter into the operation, is performed 
exactly aa in the case of whole numbers. The process can be 
best explained by an example as follows : 

Ex. 1. Divide *7 by *176. 

This may be described as finding a numlier, which, when multi* 
plied by *17p, gives (he product equal to 7. 

Though decimals may be divided as in the case of whole numbers, 
care is necessary in marking off the decimal point. In the present, 
and in all simple cases, the (losition of the decimal point is evident 
on inspection. Practically, it is often convenient to multiply both 
terms by 10, or some multiple of 10 — 1(X>, etc.— and so obtain at 
once without error the position of the unit's figure, and hence of Jhe 


decimal point. t 

Thus in the above example, multiplying 1*76 ) 7*00 (3*97 
both terms by 10, we have to divide 7 by 5 

1*76, and it is at once seen that th*e number 1 720 

required lies between 3 and 4. This deter- I 584 

mines the position of the unit’s figure. As 1360 

7*0 is unaltered by adding any number of jjjjjjf 

ciphers to the righ£ we add two for the . 1280 

purpose of the division : multiplying l*76,,by ^ 



RECURRING DECIMALS. 27 


3 we obtain 6*28, which, subtracted from 700, gives a fomainder 
1 *72 ; to this we affix a cipher and carry on the division as far as 
necessary ; whenthis is done, we find *7 -f 176 = 3 0772727. 

It^ will be seen that the ordinary method of performing 
division necessarily requires considerable sjiace, especially when 
there are several terms in the quotient. 

Italian Method.— Another method, often referred to as the Italian 
method, in which only the results ^>f the several subtractions aro 
written down, is often usdM, the method of procedure is as follows : 
Note, os before, that 1 7ft will divide into 7 ; 


then since 3x6-18, the 8 is not written down 
but is instead mentally subtracted from 10, 
leaving 2. Next 3 a 7 —21 and 1 carried 
makes 22 ; the 2 is again not wiitten down, 
but instead, after the addition of unity from 
the last process, we say 3 from 10-7. In a 


1 *70 ) 7 *00 ( 3 *97 

Tm 

1360 

1280 


similar manner the remaining figure is obtained ; the next row of 


figures is arrived at in like manner and so on Comparing the two 
examples it will he seen that as at each step of the work one line of 
figures is dispensed with, the working takes up far less room than is 
the case in the ordinary method. 

Recurring Decimals. The above example illustrates another 
important pdiut, viz., that although the quotient may in some 
eases consist of many digits following the decimal {mint, it may 
come to an end eventually ; but in other cases, the quotient goes 
on without end, and is known as a recnrmuj decimal. It is not 


often necessary in practical calculations to continue any operation 
in decimals to more, than the third or fourth place, and in fch^ 
majority of cases, if the quotient is correct to two significant 
figures it is amply sufficient. In the previous example, the 
quotient correct to tfie second decimal place would be 3'98. 

It is obviously bad in principle to use more figures than are 
essential for the work in hand ; # for they are not only unnecessary, 
but give additional trouble, and also increase the risk of making 
mistakes. In many cases, students are foupd to work with ten 
or more decimal figures, when, owing to errors of observation, 
or measurement, or to slightly incorrect data, even the first 
decimal jplace may not be trustworthy. % is, of course, in- 
adviaame to add an error of arithmetic to an uncertainty of 
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measurement or data, but even a alight error is preferable to 
working out ten or fifteen planes of decimals to a practical 
question when two or three decimal places at mflst are sufficient. 

EXERCISES. VIII. 

Ihvide , • 

1. 0468 by 29 25. 2. 7777 by 35*35. 

3. *1154255 by 00115. % 4. 26 751 by 000925. 

5. 5 "4 by 00072 and the quotient by 1470568. 

6. 3 425 by -002192. 7. 157 '875 by 30 '8. 

8. 362*97 by -00545. 9. 8*125 by 2 175. 

10. 005 by -425. 11. 25 by ‘00325. 

12. -002346 by -001825. 13. 9 0225 by 22 5. 

14. 22-5 by 9-0225. 15. 90 915 by 209. 

fB. -0006594 by 0021. 17. 13 5 by 001125 and veiify the result, 

18. 085712 by 25-0(13. 19. 712 8576 by 28560. 

' 20. 360 221286 by 898-98. 21. 51*2705 by 0205. 

22. 3565-345 by 36 05. 23. 14 259 by 582. 

24. 21 -06 by 64 8. 25. 79682 44 by -0172. 

26. 18596-508 by 98760. 27. 3681 15133 by 90 0037. 

28. 1 047034 by 0302 29. 178 6686 by 064 2. 

30. '0141009 by 47 003 31. 7027*5 by *875. 

32. 0325 bv 6 5. 

33. From a rod a yanl long, portions each -057 of an inch long are 
cut off. How many such portions can bo cut off, and what will bo 
the length of the remaining piece ? 

34. Divide the product of 035 and -0056 by 00007. 

35. How many times can '013 be subtracted from 125 78, and 
what will be the magnitude of the remainder? 

36. The length of a stup of plate is 14-578 inches. Neglecting 
the loss in cutting, how many pieces *053 inches long can be cut 
from it ; and what will be the length of the remaining piece ? 

MISCELLANEOUS EXERCISES. IX. 

1. Add together 18 3 and 21*005. Subtract 17*099 from 25*1 
and divido the former by the latter* 

2. Divide the product of 851 and -00016 by -032. 

3. Find the value of (65 - 39 61) x 39*61. 

i, Find the product of 1 005 and *097 and the quotient of 0036 
divided by 0144. ^ 

5. Find the product of 0256 and 1*0071 aud divide th ^product 

by 2-7975. 
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6. Multiply 91*77 by *091 and divide the product by 2*73. 

7. Multiply 02019 by 52*03, and divide *0431 by *0044. 

8. Divide (i) # 0175 by 17*5,* iuul (ii) 17*5 by 7*0175. 

9. Multiply and divide 4203* IS by 2*3175. 
lfl. Find the value of (‘2 *37 x *093)-; *0005. 

Divide 

11 , ‘75 by 8 and 2*5 by 3*?. 12. 1 by *013 and* *00042 by *007. 

ft, 2*1170 by *0073 and *0257 by *0041. 

14 . 172*9 by *142 and 47 *415 by *187. 

15 . Divide *73(1 by 2*85 and 2 85 by *7036 Find the product 
formed by multiplying the two quotients together. 

16 . Find (i) the product of l *005 multiplied by 0 097, and (ii) the 
quotient of *0030 divided by *0144. 

17 . Find the \alue of 

(0*1 - 0 01 *0002) - ( 0375 x , ! j 4- *125). ■» 

18 . Divide 0*2 x 0 3 : *00012 by (5 719 x ) + (o*3 x 1 2 x 9). 

19 . Reduce to hi m pleat form the following . 

( *002 • 30*25-:- *029) - (10*2 85 x *04 : 1 *7). 

20 . ( 001 1 x *091 4- *0035) 4 ( 015 x *507 4- *39) 

21 . (-0057 X 2*09 4 *361 ) - ( 00165 x *077 4- *0105) 

22 Find the produet of |/256 and 1 *0071, and diude the product 
by 2*7975. 

23 . Reduce to its simplest form 

1*1931 4 5*82 


Summary. 

Decimals. —Addition and subtraction arc performed an in simple 
addition and subtraction ; the figures are set down so that the 
decimal points are one above the other. 

MnlttpUoation of Decimals. —Proceed as in the case of the multi- 
plication of whole numbers, and when the product is obtained, point 
off from the digit on the extreme right &h many decimal places as 
there are in the multiplier and multiplicand together. 

DlYlslon of Decimals.— Make the divisor a whole number by 
moving the decimal point a a many places to the right in both 
divisor and dividend as may be necessary. Proceed as in the 
division of whole numbers, inserting the decimal point in the 
quotient as soon as in the course of the work any figure is used from 
the decimal part of the dividend. * 
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CONTRACTED MULTIPLICATION AND DIVISION. CON- 
VERSION OF VULOAR TO DECIMAL FRACTIONS. 
R ECU RHINO DECIMALS. DECIMALS OF CONCRETE 

* QUANTITIES. 

Contracted Multiplication and Division.— The results of 
all measurements are at the Lest only an approximation to a 
true result. The accuracy of expression is, it is true, increased 
by extending the number of decimal figures in the result, but 
it should be carefully noted that the accuracy of any result does 
not depend on the number of decimal places to which the result 
is calculated, but it does de|K*nd on the accuracy with which the 
measurements or observations are made. 

In any result obtained the last decimal place may not be 
accurate, fmt the figure preceding should be as accurate as 
possible. It is therefore advisable for the sake of accuracy to 
ourry the result to one place more than is required in the result. 

It is at once evident that loss of time will be experienced if 
we multiply together two numbers in each of which several 
decimal figures occur, and after the product is obtained reject 
several decimals. Especially is this the case in practical ques- 
tions in which the result is only required to be accurate to the 
filst or second place of <}ecimal$. In all such cases what is 
known as Contracted Multiplication may be used. 

Contracted Multiplication. I n this method the multiplica- 
tion by the highest figure of the multiplier is first performed. 
By this means the fust partial product obtained is t^e mart 
important one. 
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The method can be shown and lieat understood by ait example. 
Ex, 1. Multiply -006914 by 8 652. 

The product ot the two nuniliers eou of course be found by the 
ordjpary methods ; and to compare the two methods, “ ordinary ” 
and “ contracted,” the product is obtained by both processes : 


Ordinal Method >• 
6914 
' 8652 

13S2.J 
34570 
41484 
. 55312 

0598 l 9928 


Contracted Method, 
6914 
2568 
55312 
4148H 
3461ft 

■059820 


The ordinary method will be easily made out. In the contracted 
method it will l>e seen that the figures In the multiplier are reverted, 
and the process continued as follows : Multiply first by 8, so obtain- 
ing 65312 ; next by 6--this*»tep we will follow in detail 6x4 = 24, 
the 4 is not w-ritten down (but if written down it is eancellod at 
indicated), and the 2 is carried on. Continuing, 6x1=6, and 
adding on 2 gives 8. Next, 6 x 9 = 54, the 4 is entered ; and 6 x 6 is 
36, this with the 5 from tie preceding figure gives 41, hence the 
four figures are 4148. 

In the next line, multiplying by 6, we can obtain the two figures 
0 and 7, but as these are not required unless there is some numlxsr 
to be carried, it is only necessary to obtain 69 x 5, and ^vrite down 
the product 345, add 1 for the figure rejected, making 346 ; finally, 
as 2x9 will give 18, and therefore we have to carry 1, we obtain 
2x6=12, together with the one carried from the preceding figure 
gives 13, add 1 for the figure (8) rejected, which gives 14. Adding 
all these partial products together we obtain the product required. 

Thus, in the second row one figure is rejected, in the next row 
two figures, and in the last row three figures are left out. 

It must be noticed that when the rejected figure is 5 or greater, 
the preceding figure is increased by 1, also that the last figure of the 
product is not trustworthy. Having nefced (or cancelled) the rejected 
figures, as will be seen from the. example, the decimal pqint is 
inserted as in the ordinary method, ».e. marking off in the product 
as many decimal places as there are in the multiplier and multiplicand 
togethop * 

Though the multiplier is very often reversed, this is not neoes* 
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aary, exdfcpt to avoid mistakes. The multiplier may be written in 
the usual way, and the work will then proceed from the left-hand 
figure of the multiplier, i.e. the work is commenqpd by multiplying 
by 8 and not by 2. 

EXERCISES. X. 

Multiply 

1. 250 T»35 Vy 8 '056. 2. *89 *8998 by .8*047. 

3. 240-85 by 7 0928. 

4. Multiply together *548, 1)48 2 and 43008. 

Multiply 

5. 05-0843 by *0925 6. 82-009 by 3-085 

7. Multiply together 1 073, ‘0032 and *09. 

Multiply 

• 8. 10*5034 by 1 -02. 9. 42*359 by *623. 

10. 58*301 by -758 U. 17*4987 by *37004. 

12. 108*05 by I *0009. 13. 0008079 by 490*038. 

14. 589*0007 by 3*1008. 15. ^*86923 by *007055. 

16. 8*0198 by *001077. 17. 41*0027 by 31*093. 

18. 500 173 by *00370. 19. 471*013775 by 420*17. 

20. 709*285 by 1*0009. 21. 8501*02 by 5*0039. 

22. * *0057032 by 2*873. 23. i *3129 by 40000. 

24. 17-081 by 3*00091. 

26. Multiply together 11, 1*1, *0011 and 1*25. 

26. Multiply together *275, 2*75 and 27 5 

Multiply 

27. *00734 by 7 *164. 28. 8*07639 by 28*73. 

# 29. 73-02U by 50 31. 30.* 36*2894 by 8 -93. 

31. 11'416 by 3 10. 32. 512*1875 by 20 8. 

33. 28 *395 by *00111, 

Contracted Division. — It is assumed that the student is 
familiar with the ordinary method of obtaining the quotient 
in the case of division, but the long process of division can also 
be advantageously contracted. ‘.Tho method of doing this will 
be clear from the following worked example. 

Ex. 1. Divide *03168 by 4*208. 

We shall work this example by the contracted method alone. 

To begin with, the number 7 is obtained by the usual process 
of division. By multiplying the divisor by 7 the product 29456 
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is arrived at. When this is subtracted from 51680 thft ftntainder 

2224 is left. It is seen that if we drop or cancel the 8 from the 

divisor 4208, thu^ obtaining 420, it can t>e 

divided into the remainder 2224, fi\e times. 4208 ) 31680 ( 7629 

In multiplying by 5 we take account of the 

8, thus, as 5 x 8 is 40, we do not enter the 0 2224 

but carry on the 4 ; but Ox 5 ~0, and adding # 2104 

4, we see this is the figure to !>e entered. 120 

Now*proceed to the next and the following 84 

figures, obtaining in the usual way 2104 , sub- 36 

tract this from 2224, and the remainder 120 is 36 

obtained. Proceeding in like manner with. 

the multiplier 2, we obtain 84, which, subtracted from 120, leaves 

36, and our last figure in the quotient ix 0 By the method described 

on p. 26 the answer is 007529. ^ 

The above example shows that the method of contracted 
division consists in leaving out or, as it is called, rejecting a 
figure at each operation. Any nunilier which would l>o added 
on to the next figure by the multiplication of the rejected 
figure is carried forward in the usual way To avoid mistakes 
it may be convenient either to draw a line thiough each rejected 
figure of the divisor, or to place a dot under it. 


EXERCISES. XI. 


Divide 



L 

2515-611 by 0785. 

2. 

17-228 by 584. 

s. 

6-9591555 by 843*534. 

4. 

99-721 by -834. 

6 . 

64-375 by 9 -573. 

6. 

2-873 by 48 607. 

7. 

11-7813 by -2724. 

8. 

•304775 by 59 678. 

9. 

3-743 by 52 804. 

10. 

174 13238 by 5 6 15. 

11. 

2-821005 by 29*332. 

12. 

110246 by 20 063. 

13. 

18413 by 5 -615. , 

14. 

155-7 by 358. 

15. 

471*6 by 1-235. 

16. 

1-5104 by 40‘13. 

17. 

246-87 by 7777. 

18. 

I ll by 8 0908. 

19. 

42-266 by -05888. 

20. 

311 010 by -076359. 

21. 

1 132041 by 24-0604. 

*22. 

129-8 by -234. 

23. 

•1115 by 45 -9. 

24. 

108-78 by 444. 

25. 

147 5 by 235. 

28. 

•013119 by 2-403. 

27. 

■39908 by 248-03. 

2 a 

9-22 by -00375. 

29. 

•0222946 by 6 4065. 

30. 

4*0975 by *2980. 

a 

mby *0013. 

32. 

49*7 by *0025. 


w.m. I. c 
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Divide* 

33 . -0000,3 by 001. 34 . 4 6513 1 by 596*8. 

36 . 183*026 by 2 03. ^ 

36 . The sum of 1 ‘2354 and ‘763 by their difference. 

37 . *049855 by 1 '3569. 9 

Conversion of a Decimal to a Vulgar Fraction.— Having 
already found (p. 22) that 3 is merely a convenient wav of 
writing , a 0 , and 03 of writing t jj 0 , it will be obvious that in? the 
two canes just referred to ^ and ,j{(*,are the vulgar fractions 
required. In a similar manner ’2 - and In each 

ease the numerator and denominator are divisible by 2, hence 
we write *2 ~ ^ - I, and 02- R l 0 . 

From a consideration of such examples we may state the rule 
for the conversion of a decimal into its equivalent vulgar 
fr&tion as follows : 

Title the tjiven decimal fraction for the numerator and for a 
denominator irntc down 1 followed In/ a a many zero* as there are 
decimal places in the yiren decimal fraction; if necessary reduce 
the fraction so obtained to its lowest terms. 

Some Common Values. There are many decimal fractions of 
such frequent occurrence in practin'*that it may lie advisable to 
commit them and iheir equivalent vulgar fractions to memory. 

. Thus -185 -= ASA- 1: •ffi-.Vo-l: •375-,tV 4 - 8; 

It will*!** noticed that by remembering the tir-st of the above 
results the other fractions can lie obtained by multiplying it by 
2, 3, etc., or in each ease the result is obtained by mentally 
dividing the numerator by the denominator. 

Conversion of a Vulgar to a Decimal Fraction. - To convert 
a vulgar fraction to a decimal fraction, reduce the vulgar 
fraction to its lowest terms and then divide its numerator 
by its denominator. 

Ex. 1. J « 3 v 8 = -375 ; l = 7 + 8 = *875. 

Ex. 2. ! *00625. Ex. 3. ff s **-432. 

In many cases it will lio found simpler and easier to reduce a 
fraction to its equivalent decimal if the numerator and denomin- 
ator are first multiplied by some suitable number. v - 
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Ex. 4. Reduce .jT,o to a decimal. 

Multiplying 1^4 v^e get i o Ho '0- s - 

In a similar manner " \*o ' ID. 

Ollier examples can In- woiked in like manner 

In some eases the figures in the quotient do not stop, and we 
obtain what are called recuhing (they are also called repeating, 
ami sometimes circulating) decimals. 

Ejl. r». \ :m . • 

The result of the diMsion is shown hy as many threes as we care 
to write. The notation ft is used to denote this unending tow. 

Ex. 0. Again \ '565 r - 

In each of these, and in similar eases, the equivalent vulgar fractions 
are obtained hy wiitmg 9 instead of 10 in the denominator, tiius 
•ft ~ * — - * , etc. In a similar manner « 142S57, and these figures 

again recur over and over again as the division proceeds, hence 
} ■ 142857. 

When noeessai y to add or Mild met recurring decimals, as 
many of the lcruning tiguies as aie necessary for tin 1 purpose 
in hand are wntten, and t^e addition oi suhtia<tion jsuformed 
in the usual manner. With a little prailice the stmlent soon 
lieconies familiar with the nmie umimon ie« wiling decimals. 

Any decimal fraction, such as A, i 12857, in which all the 
figures recur is called a pure recurring decimal ; # tho equi- 
valent vulgar fraction is obtained by wilting os a numerator the 
figures that recur, ami for the denominator os nutuy nine it as 
there are figures in the recurring decimal. * 

When tli*e decimal point is followed by some figures which do 
not recur and also by some whi< b do recur, the fraction is called 
a mixe d recurring 'decimal, and the equivalent fraction is 
obtained by subtracting the nmt-reeurring figures from all the 
figures to obtain the numerator, and as many nines as there are 
recurring figures, followed by many cyphers as there are turn- 
recurri ng Jig ures for the denom i nat or. 

Ex. 7. Express as a vulgar fraction the recurring decimal "lW. 

Here there arc two recurring figures and one not recurring, 

, , AA _ 12S-1 _ 122 — SI 

.-. '123 ftsmr 4 5*' 

Ex. 8. 3*2t>57 - ~ * a s uo — 4*4* 
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EXERCISES. XII. 

1. Rod uitf to ft decimal and prove your mc^iod correct. 

2. Prove that every fraction can be reduced to either a termin- 
ating or a circulating decimal, (live an example of each. , 

3. Reduce to a decimal ' ft l + h + ^ ^ . 

Reduce to decimal ft act ions • 

4. 3 of 2$ ; 5. 6 h ij* 

6. Find the Hum of 37, + 4!, 4- 1 \ 

Reduce to decimal fractions 

7. ? 7 0 1 * 8. Ofijo + *75 of J of 7 1 - 

9 m . s r i . » 4 7 *J 

• « 4 + 2 a a + a o o • 

10. Reduce to vulgar fractions *365, 125, ‘0035, 8 06 and 8*75. 
H. Find the vulgar fraction which is equal to the sum of 15*3125 
and 12*0075 divided by their difference 

12. Find to foui decimal places the value of 

5 + 2 + 7 

f + Y+T 

13. Reduce fj + * 4* ^ ~ \ \ to a single fraction, and convert that 
fraction into a decimal. 

14. Reduce to its simplest form l 
b _ a , 

4 1 * 

8 7 

and convert the result into a decimal. 

16. Reduce 5“2 + A“Jl + }Ji, and express the result »s a 
decimal. 

, 18. Explain what is meant by a Recurring Decimal, and find the 
vulgar fractions equivalent to the decimals 

*1&\ 11*1254 and -0034505 

17. Divide *27 by 75*75, and express the answer as a decimal. 

18. Find the sum, difference, product and quotient of *96$4$ 
and *1 

19. Find the value of 3076 x 1 *072 -f 008. 

20. Express os a vulgar fraction V>3<$. 

21. Express the product of 4 625 and *02/ as n vulgar fraction 
in its lowest terms. 

22. Multiply *314285? by -55. 23. Multiply *$8571 4 by *11$. 

24. Express the different of *2385714 and *438571, also 1 *5384815 
and 07692$, as vulgar fractions in their lowest terms. 

25. Express the quotient of *43 divided by *033. 
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Decimals of Concrete Quantities,— It i« often necessary to 
express a given quantity as a fraction of another given quantity 
of the same ki#d. Thus, in the cast' of £1. 15s., it is obvious 
that 15s. of 20 shillings, and thus £1. 15s. may be written 
£lj; or, as : j — '75, we may also write £l. 15s. as £1*75. 

Ex. I. To reduce lOd. to,the decimal of a pound, 

As there are 240 pence in Cl , 

.. require<l fraction is - £*0416 . . 

Ex. 2. Express ft days ft hours as the decimal of a week. 

As there arc 24 hours in a day, 

6 days 8 hours ft ~6^ days, 

6 (lays ft hours - ^ ~ ‘004761 week. * 

J i 

Ex. 3. Reduce 3d to the decimal of Is. 

t % - 41 A 

Ex. 4. Express in furlongs and polos the value of 325 miles. 


Here multiplying by 8 the number of furlongs in u mile, *325 
we obtain 2‘6, and multiplying the remainder ft by 40 (the 3 

number of poles in a futoonc) we get 24 poles. 2*600 

Hence *325 mile -2 fur. po. 


24-0 

Given a decimal fraction of a quantity, its value can be 
obtained by the converse operation to that dewrilied.^ 

Ex. 5. Reduce 9 inches to the decimal of a foot. 

There are 12 in. in a foot. Hence the question is to reduce 
to a decimal. 

.*. 9 in. - ‘75 ft. 

Ex. 6. Find the vqjue of *329 of £1. 

The process is as follows : First multiplying by 20 we 
obtain the product 6580, and marking off three decimals 
we get the value 6*580 shillings. In a similar manner 
multiplying by 12 and 4 as shown, we obtain the value of 
*329 of £1, which is read as 6 shillings 6 pence 3 farthings 
and *84 of a farthing. 

The result could be obtained also by multiplying '329 
by 240, the number of pence in £1, giving 78*96d. and 
afterwards reducing to shillings, etc. 


*329 
20 " 

6*580 
12 

6*960 

4 

3*840 
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Ex. 7. •Find the number of feet and inches in *75 yard. 

Here *75 v 3-2*25 ft., 

mid ‘25 ft. ‘25 x 12 in. 

r- 3 in. 

•75 yard- *2 ft. 3 in. 

EXERCISES Will. 

1. Add together live sevenths, three-sixteenths and eleven-four- 
teenths of a cwt., and express tftu .sum in ^hs 

2. Kxjiress Dm. 4Jd .is the decimal of Cl. 7s 

3. Subtract ‘035 of a guinea from I '1‘27 of a shdling. 

4 . Subtract 3 06*2 of an hour from 1 *5317 of a day. 

* 5. Add together *00*29 of a ton and *‘273 of a cwt 

*6. Reduce *S75‘25 of a mile to feet. 

7. Find the sum of *2*35 of ‘2s. Id. and 0*03 of t’6. 3s. Pd. 

8. Add together \\ of a guinea, ot a half-crown, I.V* of a 
shilling and of a penny, and reduce the whole to the decimal 
frut tion of ft pound 

9. Express 3s 3d. as the decimal of 10s. ^ 

10 . Add together \ \ of 4. 1 . guineas, i 615 and 3{\ of 4* of lj of 
16s. 7d. 

11 . Reilucc 40*3*25 of 1*4. l‘2s. 5d. to pence and the decimal of a 
penny. 

12. Add^ together *0S3 of a week and '231 of a day, and subtract 
from the sum S -135 of an hour. Express the result in minutes and 
the decimal of a minute. 

13 . What, is the difference lietwcen *038 of a mile and ][-} of a 
furlong ? Express your answer as tho fraction of a furlong. 

14 . Add together *00*21 of a cwt., *045 of a quarter, *37 of a lb., 
and subtract the sum from 35*263 ounces., (live the answer in 
ounces and the decimal of an ounce. 

» 15 * Add the difference between *035 of a ton and *064 of a cwt. to 

* the difference lietween *27 of a qr.. and *78 of a lb., aud give the 
answer in lbs. and the decimal of a lb. 

16 . Add together *375 of 13s. 4d. and *07 of £2. 10s. f and subtract 
the result from *45 of £ 1 . 

17 . Express 6 cwt. 1 *125 qrs, as the decimal of a ton. 

18 . Reduce £2. 15s. 0j}d. to the decimal of a j>ound ; and find the 
' difference between *625 and *0025 of a cwt. 
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MISCELLANEOUS EXERCISES. XIV. 

1. The auotietft m a division is 479, the dividend is ,'44764 1 8 and 
the remainder is 794 ; what is the divisor ? 

2» Subtract of 2? of £3. 6s. 6d. from 0475 of £100. 

3. A gallon contains 277 *274 cubic inches. Find to three decimal 
places the number of gallons in a cubic loot 

L Find the product of 052 • 1 87 x 0021, nnd divide the result 
by rne product of 3 5 x 003 x 1 1. § 

5. Find the product 4f»OU9 nnd 2967. Ihvido this product 
by 21 93. 

6. Find a decimal which shall differ from .’ \ by less than iflooo* 

7. Simplify * '' ~ 

1 J 07.) 14 

8. Express as decimals and ," s , and hubtiaet. one from tlio 

other. * 

9. Divide 736 by 2 85 and 2 H."> by 7036 in each case to four 
places of decimals, and find the pioduct by multiplying the two 
quotients together. 

10. Multiply 2 by *1, and divide the product by ‘00025. 

11. Simplify 

12. Find the sum of (i) 2 4, :Vi, A67, 7‘0£A, 417, 4^0412^ ; 
(ii) 8I&, -So*}, -fiOfcfl, Klo0l,^tx'»67 and 0882036A. 

13. Reduce vj ^ ^ 5 to a decimal, and 4 i7.W» to a vulgar fraction 

in its lowest terms. * 

14. Convert ‘8$0 into a vulgar fraction, and divide 1 '554 by ’0037. 

15. Subtract 81 7ft from 5631 without converting fthem into 
vulgar fractions. 

16. Express the product of 6 ‘75 and 037 as a vulgar fraction. 

17. Fiud the product of 1 3 and ‘75 ; also 2 d nnd ‘375. 

18. Express as decimals f t ami jq , and subtract one decimal 
from the other. 

19. Express the quotient of “il divided by Oil as a decimal. 

20. Express ^aaa decimal and 017&S os a vulgar fraction. 

2L Reduce ’6761901 to a vulgar fraction in its lowest terms. 

22. Divide ‘37, f >9‘} by 05. 

23. Divide 9 ld by 

24. Ry bow muck is the sum of 2056 and ‘92 greater than their 
product? 

25. Divide 03125 by 032, and 032 by 03125, and multiply the . 
quotients together. 
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28. Find the product of 1*3 and ‘75. 

27. What vulgar fiaotionscan be reduced to terminating decimals? 

Reduce , to a decimal. 1 

28. Express the quotient of “31 divided by *0i t as a decimaj. 

29. Kind the sum of 2 4, *:V3, *5(57, 7*05(5, 417, and 41504123. 

30. Express as a decimal ( \ v (!j I J + }). 

31. What number multiplied by (jj + £+ -£) will give ‘37575? 

32. Four reams of paper maVe a pile £1 inches high. Express as 
a decimal the thickness of a half sheet. 

33. Subtract 0 ‘039 of a ton from 1 ewt. 14 lbs. 

34. Find the difference in minutes lietueen 0 0375 of a week and 
2 ‘857 of an hour. 

35. Add together 0 02 of 5 tons, 0*03125 of 8 (ruts., and 0‘75 of 
Iff lbs. Expiess tho result as tho decimal of i Ion 15 cwts. 2 qrs. 
24 lbs. 

36. Add together 0*723 of £1, 7 ‘25 of half-a-crown, and 0 875 of 
a shilling 

37. If 0*025 of a sum of money is £7. (>s. 8d., what is tho whole 
sum ? 

38. Add together 0*105 of half-a-crown, 2 07 of a shilling, and 
3*21 of a penny, and subtract 0*012 of 4i sovereign from their sum. 


Summary. 

To oonvert a Decimal to a Vulgar Fraction.— Take the given 
decimal fraction for the numerator, and for denominator write down 
1 followed bv ns many zeros as there are decimal places in the given 
decimal fraction. 

To oonrert a Vulgar to a Decimal Fraction. —Divide the numerator 
hy tho denominator ; the quotiont when tho decimal point is 
correotly inserted is the fraction required. * 

Pure Reourring Decimal.— 1 The equivalent vulgar fraction Is 
obtained by writing for numerator all the figures that recur, and 
for denominator as many nines as Jhere are figures in the recurring 
decimal. 

Mixed Reourring Decimal.— To obtain the equivalent fraction, 
subtract tho non-recurring figures from those which do recur, place 
tho result in the numerator and put in the denominator as many 
nines as there are recurring figures, followed by as many cypher* as 
there are non-reourring figures. 
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SIMPLE ARITHMETICAL METHODS. INVOLUTION. 

EVOLUTION. 

Simple Arithmetical Methods. Many wimple labour-saving 
methods are used by pi actu al men, and these are in most eases 
suggested bv the circumstances of the problem. We may 
illustrate by one or two simple examples. 

To multiply by 5. As 5- \p, jidd a cipher and divide by 2. 

Ex. 1. 736 x 5 — - V -- --ttftHO. 

To multiply by 25. Multiply by 100 and divide by 4. Thu 
reason for this rule is easy to understand. By adding two 
ciphers any whole number is multiplied by 100. Ihjji result is 
4 times greater than is required, so it is divided by 4. 

Ex. 2. 52420 x 25 = — -J— - = 1310500. 

To divide by 25. In a similar manner we proved to divide 
by 25 as follows . Multiply the number by 4 and divide by 100. 

. To divide by 5. \ - hence to divide by 5, multiply by 2 
and divide by 10. 

Ex. 3. 27632-5- 25= 4 -- x U$^= 1105*28. 

To divide by 125. Multiply by 8 and divide by 1000. In 
this case the fact used is that 125x8 = 1000. If a number is 
divided by 1000 the result is, therefore, 8 times less than if it 
ia divided by 125. Hence, by dividing by 1000 and then 
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multiplying by H, the result is tlie sumo us if tin; numW hud 
been divided by* 125 directly. 

Subtraction. When it is required t«» subtract one quantity 
from another, it is often easier to perform the “ complementary ” 
o|)oration of addition. 

Ex. 4. Subtract 4 m 7 hi. from 15s.* 

In this case we may pioceed thus : adding 4^d. to 7£d. we obtain 
Is. Mentally this is carried <m to the next figure, 4, making it 
into 5, and to eomeit 5s. into 15s. we require 10s. Hence, to 
convert 4s 7hl. into 15s. we must add 10s. 4hl. In this manner 
subtracting 4s. 7id from 15s. is converted into the easier mental 
operation of addition. 

Multiplication and Division. In multiplication and division 
tflo contracted methods already referred to will be found very 
convenient. The work can also often he further shortened by 
using approximate multipliers. 

To multiply by 99. 00 ~ loo - 1 ; hence to multiply a number 
by 00, add 2 cyphers and subtract the number. 

Ex. 1. Multiply 532 by 99 , 

532 x 99 - 53200 - CA2 -- 52668. 

In a similar manner, to multiply by 900 it is only neeesaary 
to add three cyphers and subtract the number. 

Ex. 2. t Multiply 532 by 999. 

Here 532 * 999^ 532000 - 532 = 531468. 

Ex. 3. Find the total width in 20 boards, each Ilf inches wide. 

Here, instead of multiplying 20 x Ilf, we may, with advantage, 
multiply 20 \ 12, giving 2^0, and subtract 20 x ^ or 5, 

20xll|=235. 

Ex. 4 . Find the cost of 30 articles at Is. Vid. each. 

TUo cost could lie obtained by reducing U. 1\<\, either to pence 
or half-pence, multiplying by 30, and afterwaids reducing to 
shillings, etc. But the cost can bo better obtained mentally, thus : 

30 at 1 8. -- 30s. 

30 at 6d. - 15s. 

30 at Id. 2s. Gd. 

30 at id. -- la. 3d. 

48s. 9d. . 


or total cost - 48s. 9d. 
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INVOLUTION. 

Involution. In dealing wuh tin- jhhwx of numliers (p. 3) 
we lufvc found that when a ihuuIkt is multiplied bv itself once, 
twin*, or molt* times, the products are called the powers of that 
number; the pioecss by whRh the powcisof numlieis aie ob- 
tained is called hn'o(iitnn) The numlier thus multiplied is 
called the root, and tli* ^uxlucts ;ftv called the powers of the 
number. Any number multiplied b\ the same number is said 
to Ik* squared, and the product so obtained is called tin* square 
or the second power of the onginal numbei. The original 
number is called the square root of the pioduet 

Thus, 3x3 0 Here the produet 0 is the square or second 
| o\ver of 3, and 3 i.-, the square root of 0 ® 

It, has been explained that instead of writing the expression 
3 x3 in full, a small figure is placed near the top of the number 
or quantity, and on the light -hand sub* of it, thus 3*. This 
indicates how many times the number appeals in the product. 
'Hum we write 3 x 3 as 3 2 , 3 x 3 x 3 a* 3 ! , etc The smaller figure 
written near the top of a ^umlier in the manner described is 
called the index oi rrfument of the number. 

Adopting this notation, 3* would Ik* called the first jiower of 
3, 3 a the square or the second pow«*i, ;p the cube* or the third 
power, etc. 

The squares. cuIm's, or e\en iiighei powers can 1m* easily 
obtained if the number is not greater than 10. Thus 2*~4, 
2 3 = 8, 2*- 10, etc. 

Tlie powers of 10 itself are easily remembered, and are as 

follows : 

10*== WO, kO' . 1000, 10*- 1,000, 000. etc 

Idris method of indicating large numl)ei*s is very convenient 
in physical science, in which such numbers as 2, 5, or 10 
millions, etc., are of frequent occurrence ; for in place of writing 
6,000,000 for instance, we may write it more shortly as 6x 10®. 

The squares of all the numbers from 1 to 10 are easily re- 
membered ; they are as follows : * 

1*«1, 4 2 =W, 7*-~40, 

2 s =4, S 2 — 26, 8*=64, 

3 2 ~<J, G^G, »*~81. 
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'In a'mmilar manner the squares of all numliers from 10 to 20 
should l)t> written down. 

Ex. 1. Write down the cubes of all the members from 1 to 10 
inclusive. 

EXERCISES. XV. 

1. Kind (-03)* 

2. Kind the square of 00013. 

3. Divide ( OD 3 by (*U5) 2 . 

4 . Kind the value of ( 00l6) a -:- (*02)',, 

5. Square *00625 and express the result as a vulgar fraction. 

0. Kind the square and cuIkj of 6*25 and of 62*5. 

7. Kind the square and cube of 2*95 and of 3*35. 

8. Divide the cube of *29 by the square of *05 8. 

9. Divide 1*01364 by 117 and subtract the square of *093 from 
the quotient. 

10 . Kind the square of 9*17, multiply this by *02, and divide by 
the product of !7’16l and *098. 

11 . Determine by how much the square of 1*731 differs from 3. 

Evolution. The reverse of Involution is to extract, or find, 
the roots of any given numbers. 

The root of a number is a number which, multiplied by 
itself a certain number of times, will produce that number. 
Tlius, the square root of a given number is that number which, 
when multiplied by itself, is equal to the given number. 

The root of a given number may lx; denoted by the symbol 
J~~ placed before it, with a small figure indicating the nature 
of the root placed in the angle; in this manner the culie root of 
27 is denoted by v^27, the fourth root of 64 by ^64, and so on. 
The squai*e root in this manner would be denoted by but 
tho 2 is usually omitted, and it is written more simply as \^9. 
Another, and for many purposes a better method, is to indicate 
the root by a fraction placed as an index, and referred to as a 
fractional index ; thus, for example, the square root of 9 is 
written 9*, and is read as nine tfl the jxiwer one-half. Similarly, 
the cube root of 27 is written as 27*, meaning 27 to the power 
one-third. 

Square Root. Metluni /A To obtain the square root of 
anv quantity in oases where it is not possible to ascertain such 
root by inspection, we have (to avoid unnecessary repetition) to 
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adopt a rule. Tho following example will illustrate the fnethod 
of extracting a square root. 

&x. 1. Find thoVjuare root of 155236. 

I&vi3$( 300 + 90+4 
1)0000 

(2x300) J-90-- 600)055 236 

02100 * 

2 x 390 i t 7*1)3130 

• il£g 

The process is as follows : 

Divide the given number into periods of two figures each, by 
putting a point over the mat’s fiijun . next on the figure 2 which in 
in the second place to the left of the 0, and also on the 5, as shown. 
The given number consists of six figures, the required square root 
contains three. As 300 s -- 90,000 and 40)H 1(50,000, the required 
square root lies between 300 and 400 ; hence we put 300 to the 
right of the given numlier, and subtract its square 90,000; this 
gives a remainder of 63230. 

Put tw r ice 300 to the left of 6523(5, this divides into 65230 a little 
over 90 times; add 90 to 2 > 300, and thus obtain 090; this 
multiplied by 90 gives a product of 62100; subtract this product 
from 65236, and the remainder 3 1 30 is obtained. 

Next set down to the left of the remainder 3136, 2 x 390 = 780; 
this will divide 4 times into 3136. 

Add on 4 to 780, obtaining 784; multiply by 4 and obtain 3136; 
this subtracted from 3130 leaves no remainder; or 394 is tho square 
root required. * 

Method II. - The ordinary practical method is as follows: 

Point as before, and find the largest nundasr the square of which 
is less than 15 ; 3 is such a number. Set tho figure 3 to the right 
of the given number and its square 9 under the 


first pair of figures 15 * subtract 9 from 15, lj5‘i3ft(394 

obtaining a remainder 6. ® 

Bring down the next two figures, making tho 09 ) 652 
number 652. 

Now put the double of 3, that is* 6, on the left 784 ) 3136 
of the number 652, and by trial find that 6 will 3136 

divide into 65 nine times. Place the 9 os the 


second figure of the answer ; also put a 9 w r ith the 6 to form the 
divisor 69 and multiply 69 by 9, thus obtaining 621, which xvhen 
’subtracted from 652 gives a remainder of 31 . 
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Bring* down the next two figures, thus obtaining 3136. Double 
the number 39, that is, the pait of the root already found, and put 
the result 78 to form pait of a new divisor, as before. 

By trial, we find that 78 will divide into 313 four times. Put the 
4 with the other numbers 39 of the square root w hich is ‘being 
obtained, and also with the 78, thus making the number 784 the new 
divisor ; this multiplied by 4, the hist figure added, gives 3136, 
which subtracted, leaves no remainder. Ilenoe 394 is the square 
root requited. t • 

Tho student should always begin to point at the unit’s place, 
whether the given number mnsists of integers, or decimals, or 
both. 

Ex. 2. Find tho square root, of 1481 ‘4801 . 

^Thc pointing begins at the unit’s place, 
and every alternate figuie to the right and 
left of the unit’s place is marked as indicated 
in this example. As there are two dots to 
the left of the unit’s place, the squat e root 
consists of the whole number 38 and the 
decimal ; the working is exactly the same 
as in the previous example. 

It should lie earefnlly noticed that, to obtain the square root 
of a decimal fraction, the pointing should commence from the 
second figure of the decimal place. 

Ex. 3 • Kind the square root of 9216. 

•9$1<U 96 

81 

186)1116 

1116 

The method adopted will lie evident from the working shown. 

As examples, obtain the square roots of the following fre- 
quently occurring numliers; these should lie worked out care- 
fully, and the first two committed to memory. 

S /2 = 1'4U--. 
v/1 = 1732 • • 

= 2-2S8-. 

V /S = 2'449 ... 


Ilsi 480i (38 49 

9 

68 j 581 
f»14 

764)3748 

3056 

7689 ) 69201 
69201 
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The square root of all these mimlxirs is an unending decimal. 
Thus, the square root of 3 can l>o carried to any number of 
decimal places, hyt the operation will not terminate. Such a 
Mquare root is often called a surd, <*r an incommensurable 
numlser. 

In any j)ractical calculation in which tarrfx occur, the value is 
usually not required to inore*than two or three decimal places. 

If ji number can be easily sepal ated into factors, the square 
root can readily be obtained The fnethod adopted would be to 
try m Hiici ession if tin* number h divisible bv 4, !), H>, and 
othei numbers of winch the square roots an* known. 

Ex. 4. To tind the square root of 1296. 

1296- 4 *324 4 * 4 * 81, 

\T2tM s'lfi • 81 
- 4 h <i :w. 


A sii'iilar method may be adopted in the <ase of jiumljcrs the 
roots of which cannot Is* expiessid as wliole iuiiiiUms 

Ex. &. \'ia}-\64 x‘2 

“ 8\ ,# 2 ; 

and remembering that the <?2 is I 414 approximately, the value 
8 x 1*414- 11*312 can l>e found. 

Ex. fl. s’M a'hI / .*4 


In many cases where a surd quantity occurs in the denominator 
of a fraction, it will be found advisable, Iwfore pr< seeding to 
find the numerical value of the fraction, to transfer the surd 
from the denominator to the numerator ; this is readily effected 
by multiplication. Thys, if as a result to a given question wo 


obtain the fraction 


100 


we may proceed to divide the numerator 
v .i 

by or 1’732... in order to obtain the numerical value of the 
fraction ; but it is better and simpler to multiply both numerator 

irWs' i<W3. alidin 


and denominator bv </3 ; this gives 


^ 100^3 . 
^3x^3“ 3 

this form, knowing that \^3~ ]'732...^ it is only necessary to 
move the decimal point two place* to the right and divide by 3. 
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Squaft Root of a Fraction.- In finding the square root of a 
fraction, it is necessary to obtain the square root of numerator 
and denominator. When the denominator «is not a perfect 
square, we may proceed to first multiply both the numerator and 
denominator by the number which will make the denominator 
a perfect square, or, convert the given fraction to a decimal 
fraction, and find the root in the usual manner. 


ot o 
1 do: 


Here if the numerator and denominator he multiplied by 2, the 
fraction becomes J^and its square root is in this manner only one 
root requires to he extracted. 


Contracted Method. In practical calculations the square 
root of any quantity is never required to more than a few 
significant figure?,, and when more than half the required 
number of digits have been found, the remainder may be found 
by contracted division. 


Ex. 8. Obtain the squaie root of 13 to five places of decimals. 


Hero, proceeding as in the preceding ex- 
amples, the square root of 1 Ti = 3*605 is obtained 
together with a remainder 3975. The remain- 
ing figures of the square root may now l>o 
obtained by contracted division, viz., by 
dividing 3975 by 7205, giving 55, which is 
placed wiih the number already obtained. 

Hence the required root is 3*60555. 


13( 3*60655 
9 

66) 400 
396 

7205 ) 40000 
36025 

7205) 3975 ( 56 
3602 
373 
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EXERCISES. XVI 


Extract the square root of 
1. 631441. 2, 106929 ; 803*7. 

3. *191810713444. 4. 13277*9529. 5. *00015625. 

6. 49084036 and of 90}. ' 7. 91. 


& 502681. 

10. *0006780816. 
ia 71. 

ia 484*176016 


9. (i) 4928*742025; (ii) 

11. -034596. 12. *05368489. 

14. 83*00849881. 15. 49984900. 

17. 100*020001. ia 9042049. 
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19. (i) ,Vo I * (“) '° 81 * 20- (>) 123 '45 { (it) 234*f35. 

21. 3249*456016.^ 22. 257049. 23. (i) 8; (ii) *0002. 

24. 19895*1025. 25. 3915380329. 26. 4l}J{. 

27. , J 50013184. 28. 17*375. 29. 1*094116. 

30. <0 20j ; (ii) 58 J. b 31. 32j. 

32.. If d = l-2ji, wh ere d denotes the diameter of a rivet and I 

the thickness of plate, find the valuqp of d, when t is (i) !.<»*> iV 
(iii) 1, (iv) i{. * 

33. Given d = */330*06 -j-6*7854, find tho numerical value of </. 

34. If d = ^0*198 -~0*7854, find tho numerical value of d. 

35. If rWl *6744 -f 3*1416, find tho numerical value of r. 

36. If V --^(A + E + slA x IS), find tho value of V, when A = lCf, 
A =36, B= l(i. 


Summary. 

Inrolutlon. — The continued multiplication of a number by i tael! 
is called Involution. The number itself is called the first power, 
tho second power ia called the square, tho third tho cube. Thus 
2* = square of 2, 2* = oube of 2, etc. 

ErolutiOJL — Given a number, the process of finding tho root is 
called Evolution. Tho sign indicates the square root. Thus 
•J§ means the square root of 9. This ii also written 9*. • 

Cube and Cub© Root— If three coual numbers are multiplied 
together, the product is called the cube of the number taken, and 
the number itself ia called tho cube root of the product Thus 
3 x 3 x 3, or 3* =27 and ^27, or 27* = 3. 


W.a, 1* 
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A V BRACKS. PROPORTION AND RATIO. M KAN PRO- 
PORTIONAL. UNITARY METHOD. PERCENTAGES. 

Averages. - What is called the mean nr average of a series of 
quantities is often wanted ; indeed, the student himself will 
soon require to use the term average when applied to various 
values. Thus, for example, if a railway train is found to 
complete a journey of (JO miles in 1.} hours, we say that the 
average speed is 1<) miles jht hour, which means that a train 
moving uniformly at such a sjieed would move over (JO miles in 
the given time. 

Again, if in a heat's crew of 8 men the weights of the men 
*ire respectively 12, 13, 10, 8,0, 14, lf», and 11 st ; then tho 
total weight 

-*-12 + 13+10 + 8 + 0+14 + 15 + 11 -92 st., 
and the average weight-- ^ = 111 st. 

Other simple instances could be quoted, the method in each 
and all cases living the same. The rule may la 1 stated as follows : 
To obtain an average, first find the total of the given similar 
quantities, and divide the result by the number of quantities. 

Ex. 1. Find the a\erage value of *52, *25, U2, *05 ami *48. 

Here the total is 2*22, and dividing by the number of terms 5 the 
average is *444. 

There should lie no difficulty experienced in grasping the 
fundamental principle of averages — namely, that the sum 'of the 
terms is equal to the average multiplied by the number of terms. 

In finding areas and volumes when studying Mensuration, the 
dimensions given- length, width, diameters, etc. — are assumed 
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to In? itreriuje dimensions. In tins manner errors due to slight 
irregularities in dimensions an- corrnted 

EXERCISES XVII 

1. Diwde the im.m of 15, '201*210, 1033 and 82 *2 liy 10 *24. 

2. A railway passenger coants tin- telegraph jkisIh on the line as 
he passes thorn. If ‘21 nir pissed hi out* minute, what iH tin- average 
speed of the train, the distumc h<‘tw£cn each post being 58 ^ arils t 

3. If in the next two Ainutcs 37 posts are passed, what is now 
the us a rage HjK*ed v 

4 . If a titu k with its load of 1*28 jiuikagcs weighs 8 ewts. 1211m , 
what is the average weight of eat h pac kage, the weight of the truck 
being 4 ew ts I <p '• 

5. What is the as ei age sjsed ol a (tain (when in motion) which 
runs from London to Exelei, a distance of 193J, miles, in 4J hours, 
making one stoppage of JO inmutts, two of a minutes, and one of 
3 minutes on the waj v 

6. In 1881 the population of time towns ss as *2*2308, 43413 and 
1003*2 respectisels In I SOI tin first had mui.med by 0 per cent., 
the second by 8 per cent., and the third de.M.isid 10 I**r cent. 
Find the average jsipulatmn of the thiee towns in 1 St# I 

7 . Express as decimals and find the aseiage of 37 / u , 1 3 ’ ^ , 21, 

0* 7j, ao. 3j and 100j. # 

8. A person works for 7 houts on Mondays, 11 hours on Tues- 
days, 9J on Wednesdays, and 111 on Thursdays, ami is paid at the 
rate of I Oil. per hour ; find Ins a\i iagc daily earnings. 

9 . Given four measured distances as 113 501, 70*073, A -034 ami 
0 ‘789 centimetres resjH'Ctively. find the aurage and convert to the 
decimal of a yard. 

10 . Five sums of money are resjRetixely €2057*83, €3903*73, 
€1111*95, £ lOfK) and £287 *095 , find the axerage. 

11 . On a voyage lasting 14^' days, the «j>eed of a ship Is found to 
be for the first 3 days afc the rate of 13 miles an hour ; this speed is 
increased by 17 per cent m the next (H days, and during the re- 
mainder of the journey the speed is 390 miles j»er day. Find 
the total distance in miles, and the average speed ja r hour. 

12 . If 1 hr. 56 mins, is taken *by a train to travel 84 miles 756 
yards, what is the average sjjeed j>er second ! 

13 . The average speed of a tram for ‘2 hrs. 25 mins is 273 mile* 
per hour and 431) miles jkt bom for 1 hr. 55 mins. , find the total 
distance travelled. 

14 . Determine the average speed of a train which moves over 120 
yards in 15 secs., then 100 yards lit 10 secs., and 85 yards in 5 secs. 
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16. An indicator diagram is divided into 10 equal parts, the 
pressures of the steam being 180, 180, 135, 100, 80, 63, 67, 60, 44 
and 40 : find the average or mean pressure. t 

16. Find the mean pressure when the given pressures are 100, 

100, 100, 71 43, 55-5, 45 45, 38 46, 33 3, 29 41 and 26 31. , 

17. A man training for a mile race runs the distance every day 
for 24 days, his time improving at ^ uniform rate. On the first 
day he takes 8 mins., on the last 4;}. What is his average time ! 

18. The average weight of the 8 oarsmen in a boat is increased by 
2J lbs. when one of the crew, who weigh# 11 st. 12 lbs., is replaced 
by a new man. What is the weight of the new man ? 

19. In a procession the route was 7 miles long, and there were on 
an average 15 rows of ajiectatora on each side ; each person occupied 
15 inches of frontage. ( 'alculate the number of spectators. 

20. How many jieraons are there in a procession which, moving 
uniformly at the rate of 3 miles an hour, and containing 10 persons 
in each yard of its length, takes 80 minutes to pass a place on the 
route ? 

Proportion and Ratio compared. In comparing the relative 
sizes of two objects it is a matter of common experience to refer 
to one as a multiple, two or three times, etc.*, the other ; or a 
sub-multiple - one-half, or one-third, etc., the other ; in this 
manner the eomjiarison is made without reference to the exact 
size of either. A eomjiarison of the relative size s of two objects, 
without reference to their abmlute sizes, gives the idea of 
proportion. Quantities of the same kind are those which may 
be exprdsed in terms of the same unit. When two quantities 
of the same had are considered, the relation which one quantity 
bears to another is called a ratio. Such a comparison is made 
by considering how many times one quantity is contained in 
the other ; in other words, a ratio is expressed by the quotient 
obtained by dividing the first quantity by the second. 

If the first quantity lie 12 and the second 6, there are three 
ways of expressing the ratio, i.e. 12-J-6, or, omitting the line, 
12 : 6 . 

The ratio of 12 things to 6 'similar things is definite, and 
indicates that the number of one kind is twice that of the 
other ; but the ratio of 1 2 tables to 6 chairs conveys no meaning. 
In comparing two quantities of the same kind, we can assert 
that one is twice, three times, or some multiple or sub-multiple 
of the other, without defining what the unit implies. 
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Magnitudes may be either alwtract or concrete numbers, but 
the ratio between them must always be attract. Henc'e, it is 
necessary, in c<*n paring magnitudes, that the quantities be 
written in terms of a common unit. For example, the ratio of 
3 tods to 14 lbs., or the ratio of 10 feet to 4 inches is obtained 
by considering that as there are 2240 lbs. in a ton, the first- 
named ratio would l>e 3x 2240 .14; the second, since 12 inches 
make 1 foot, would )>e 10 x 12 : 4. 

When it is required t^jlivido a dumber in a given ratio, it is 
only necessary to add together the two terms of the ratio for a 
common denominator, and take each in turn for a numerator. 

Ex. 1. Divide £35 in the ratio of 2 : f>. The denominator becomes 
2 4 T), and the required amounts are » of 35 and 7 of 35 = £10 and 
£25 respectively. 

Beginners are often confused when required to divide a given 
number in the proportion of two or more fractions, and begin 
by taking the given fractions, instead of pioeeeding to induce 
to a common denominator. The way to proceed may l>e shown 
by an example . 

Ex. 2. Divide £70 in the ratio of * and This does not mean 
y and ] of 70 ; but, as fractions with the same denominators are in 
the same proportion as their numerators, it is necessary to write y 
as and } as j V. Then the question is to divide £70 in the ratio 
3 : 4, and the required amounts are 7 of 70 = £30, and 7 of 70= £40. 

Proportion. —The two ratios 2.4 and H 16 are obviously 
equal, and their equality is expressed either by 2:4 = 8:16, 
or by 2 : 4 : : 8 : 16. When, as in the given example, the two* 
ratios are equal, the four terms are said to Ik; in yro})ortion t 
hence : 

Four quantities ure*said to be proportion^ , irbm the ratio of the 
first to the second is equal to the ratio of the thinl to the fourth. 
That is, when the first is the same multiple or sub-multiple of 
the second, which the third is of the fourth, the quantities are 
proportional. 

We may thus state that the numbers 6, 8, 15, and 20 form a 
proportion. The proportion is written as 6 : 8 : : 15 : 20, and 
should be read as 6 is to 8 as 1 5 is to 20. * 

The first and last terms of a proportion are called tt»o 
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extremis, and the second and third terms the means ; in the 
last example (5 and 2<) are the extremes, and 8 and 15 are 
the means in the probation. • 

When four ipiantities are proportional, the product of the 
extremes is equal to the product of the means. • 

Thus, (5x20 8x15, or g -Jfj, in which the pioportion is 
written as the equality of two r.ifios 

Since the piodmt of two of the terms of a proportion is equal 
to the product of the other (^vo, it follows at mite that if three 
terms trf a proportion are given, the remaining one can he 
calculated. 

A 'r. 1. Bind the second term of a proportion m which 11, 12 
and 15 are respectively the 1st, ,'hd and ith terms. 

1 1 . icqniied trim ■; 1*2 : 15 ; 
i. 15 14 

. required let m ^ J. 

Direct Proportion. Three quautities an* said to he in direct 
proportion when tho lii^t is to the second as (lie second is to the 
third. 

'Plms 4 : h : : fi : !) is a dueet pioportion. 

1 x h — (> x (1 t>% 
or <3 - Vm. 

Mean Proportional. -When the second term of a proportion 
is equal to the' third, each is s,ud to he a mean proportional to 
the other two. Thus, m the aho\e examples 6 is said to he a 
• mean pioportional t<> 1 and 9 

Third Proportional. When three ipiantities are in projmr- 
tion and are sneh that the ratio of the first to the second he the 
same as tho second to the third, then the latter is called a third 
proportional to the other two. 

Unitary Method. By the previous methods of simple pro- 
portion, when three out of the four terms are known, we. may 
proceed to find the remaining one. In practice this may often 
lie replaced by a convenient modification called the F nitary 
Method, in which given the cost, or value, of a definite number 
of articles, or units, we may by division find the value of one 
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unit, and finally the value of any nuntW of aiinilnr units 
l*y multiplication. The method may Ik* shown by the following 
simple example :• 

h:i, 1. If the e*»ht of 1 1*2 ai tick's Ihj 10 h., what will he the coat of 
'21*2 at the Maine lute '' 

Using the tlnee giun terms, we may write the following pro- 
portion : 

11*2 : 10 *21‘2 ■ required term, 

requited term - - ~ 18*. 1 1 * d. 

Bv the unitary met Inal we should pioeeed as follows . 

If t ho coat of 11*2 at tides lx. 10s., then the cost of one article 
at the same rate ih iV-s,, 

therefore the io*.t of ‘21*2 artules is j X *21‘2 h. - ISh 1 1 *d. 

Geometrical and Arithmetical Means. The metrical 
msa/i (written u.v ) between two numhers is found by taking 
the squaie root of their pi'odmt. 

Thus, the <i.m. of 1 and 0 is sf-l xl) -0 ; and the u.m. of 1) and 
If? is 12. % 

The nrithnu'ft^tl m/v/n ( \ m ) is half the sum of two numbers. 
The arithmetical mean of 1 and If is * ^ ~(i 0. The arithmetical 
mean of 0 and If? is 12 5. 

• 

Ratios of very small quantities.— In finding the ratio of 
one quantity to another, it w only the ielati\e magnitudes ot 
the two quantities whieh are of linpoitaiu e. The quantities 
themselves may Is? as small as possible, but (lie ratio of 
two very small quantities may Ire a coinjiaratively large 
number. 

Thus 1^03 = *001 is a small quantity, and so is *00001, but the 
*001 

ratio of *001 to *00001 is -rr - 1<«0. Again *0000063 is a very 
^ K “ Hi 1 *000008 1 

small numl>er, and so is *0000081, but the ratio of is 

‘OtXXXnJo 

simply $$ or 8 = 1*. Tliis very important fact concerning ratio 
is often lost sight of by beginners, and it must be carefully 
noted in making calculations. 
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EXERCISES. XVIII. 

1. Find a fourth proportional to 275, 2 75 an<^ 275. 

2. Find tie ratio of 23 g of 7 tons 2 cwts. 1 qr. lbs. to 21 tons 

7 cwts. « 

3. If 100,000 bricks can be obtained for £150, what will be the 

price of 12? t 

4. If 35,i 11 >H, of sugar coRt £1. 2s. 2$d., how much will 2 cwts. 
51 lbs. coat? 

5. If 10 men i rcois e £28* 10a for £ weeks’ work, how many 
weeks must 8 men work to receive £38 ? 

6. If r of an estate l>e worth £450, what is the value of of 
the estate ? 

7. Wlmt numlier bears the same ratio to * of 2 40583 that 
£5. 4s. 3$d. does to £104. 5s. 5d. ? 

8. Find the ratio which g of £27. Is. 5^1. bears to -6 of 
£42. 10s. 10*‘d. 

9. If a train travel 215 miles m 10 hrs. 45 nun., u hat distance 
will it travel in 24$ hrs. at tho same rate ? 

10. In what time will 25 men do a piece of work which 12 men 
can do in 15 days? 

11. Divide £814 among three persons in the ratios i • $ ■ g. 

12. If tho carriage of 8 cwts. for 120 miles be 24s., what weight 
can lie cairicd 32 miles, at the same raft, for 18s. ? 

13. Find a fourth proportional to 45, *8, and '367. 

14. Divide 204 into three parts protortional to the numbers 7, 

8 , 9 . 

15. Find the number that is to 7a in this ratio of £3. la. 3d. to 
£4. 13s. Ild. 

16. Express the ratios of 

(i) 2[ to 7l 

(ii) f of 53 cwts. 3 qrs. 3 lbs. to 0 4 of 65 cwts. 0 qrs. 11 lbs. 

17. Divide £56 l>etweeii A t B, C aud D in tho ratio of the 

numbers 3, 5, 7 and 9. • 

18. A sum of £32,818 is to be divided among four persons in the 
proportion of the fractions <j, y, and £ ; find the share of each. 

19. A bankrupt owes three creditors £240, £360, and £400 
respectively ; if £325 is divided among them in proportion to their 
claims, how much will each receive, and how much will be paid 
in the £ ? 

20. A gentleman divided the sum of £10 among his three sons in 
the proportions of their respective ages, which were 12f, 9f, and 7f 
years ; what was each son’s share ? 
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Percentages. — The rate of inci’ease or diminutidh of one 
quantity ax compared with another of the same kind is often 
expressed in th«^f«>rm of a percentage. A percent* ujc u simply a 
fraction with a denominator of a 100 Thin enables a comparison 
to be made at once, without any preparatory lalxinr, in order to 
reduce fractions to like denominators. Examples on {lereentageH 
occur so frequently, and aie so varied, that it is difficult to select 
typical illustrations. The following, however, may make the 
matter clear. • 

Suppose that two classes, of 2*> and 50 students respectively* 
are expected to attend an examination. Jn the first named 
lft students, and m the second 47 students, present themselves. 
Then we might say that 2 m 20 and 3 in 50 wore away from 
the examination ; but the comparison is most easily made by 
finding the percentage in each case Thus, in the first case we 

have - x 100- 10 ]s*r mit.; 

3 

in the second case — x IOO-0 js?r cent. 

50 

These results would be written as 10/ and (>/. 


Ex. 1. Suppose the pollution of a town in 1 885 was 15,990, 
and in 1890 was 20,550. The actual increase —20550 - 1 5990 — 4560 ; 
but although the actual increase is useful it is much better to be 
able to state the rate at which the population is increasing for each 
100 of its inhabitants. The increase for each 100 of ltsfxqmlation 
is found by simple proportion as follows : 

, 15990 : 100 :: 4500 : answer required. 


. 4.560x100 , 

•• A " ,wc r= -15990 = 28S 


Thus the increase £or each 100 of its population is 28 *5. This 
number is called 28 5 per cent., and is written 28 5 %. The rate 
per cent, enables an increase or diminution to lie readily referred to. 

Ex. 2. The population of another town in 1 885 was 20,400, and 
in 1890 was 24,960. The actual increase (as before) is 4560, but it 
does not follow from this that the two towns are increasing at the 
eame rate. In this case the rate of increase is obtained from : 

20400 : 4560 :: 100 : answer. 


.*. Answer = 


4560 x 100 
20400 


- 223 . 
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Honed 1 , the population of the latter is not increasing oh fast 
as the former town by 6 per hundred, or, as usually written, 

by cr<. • 

In like manner percentages are often used to compare the 
proportions of lunatics, paupers, criminals, etc., in different 
towns. Rate or debt rol lectors and others are usually paid at 
the rate of so much per rent. If a rate collector is paid at the 
rate of 2 per cent , for example, this would mean that for every 
1*100 collected he is allowed 1*2 ; for r*er v £50, £1, etc. 

A.». 3 If in a uuelime it is found that a (punter of the energy 
expended is lost m frictional and other resistances, we should sa} 
that 25 per cent, is lost, meaning that is lost. This does not 
tell us the actual numerical amount of the loss, all that we can 
infer is that for every 100 units of woik expended on the machine 
2o units disappear. Such a percentage also enables a comparison 
to he made, and is a convenient method of expressing the efficiency 
of machines. If one machine has an efficiency of 75 per cent, and 
another of NO per cent., we know that the second is 5 per cent, 
more efficient than the first. 

If, in addition, we know that 25 per cent, is the total loss due 
to all resistances, but 10 pci cent, of ^his is due to the icsistance 
of a particular part of the mechanism, this gives a ptrcuUagt of 
a percentage and its numerical value is 

too °f i uo — i“cff x lYff ~ roc Sit = 3 2\ , 5, or 2 1 pei cent. 

Er. 4. 9 A n ef of quartz contains 0044 per cent, of gold. If the 
quartz produces <15. 12s. per ton, find the weight, of a sovereign in 
grains. , 

£5. 12m, £5^=. 5 6 sovereigns, 

1 ton -=2240 x 7000 grains, 
ami -0044 per cent. - 4 000044. * 

weight of 5*6 sov ereigns - -000044 \ 2240 x 7000 
- 44 x 224 v 7. 

weight of 1 sovereign - I 4 -* 

5 '6 

= 123 2 grains. 

Ex. 5. Seventy -five percent, of the area of a farm is arable ? of 
the remainder eighty. five per cent, is pasture, and the rest is waste; 
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the area of the waste is 3 acres 0 r. 20 p. What i# the ar%a of the 
farm ? 

73 per cent.#' or 4 of the .ire.i is arable ; 

25 j)cr cent. - f ( Mt , or ] of the ana is picture ami waste ; 
and of thin <piarter S3 jier icnt. is pa^tme. 

13 pel cent is waste. 

Hut /o 0 x 1 the .tii'.i 3 ac* 0 r 20 p 

of the aiea 3 ac. 0 1 . 20 p. 

.. area of the whale hum T" (3 00 0 t. 20 p ) 

S3 ae 1 r. 13* p. 

K.XFRCISKK. \l\. 

1. A collect »r .vi eivcs 2J per cent commission If In collect# 
£90, find his cominisMon 

2. If oranges are ixmglit at the rate of 12 foi S<1. and sold at 
8 for Is , wh.it in the gain pel cent ? 

3. Find the \ alne of 7f permit of £123 4s lOd. 

4 . Find the profit percent, when £7. Is lid is gained by an 
outlay of £123. bs Sd 

5. Two parts of elneon costing £1 9s 9d per cwt are mixed 
with five jiarts of eofh e costing £K Is tid pci cwt : the mixture i# 
sold at In. id a pound . iin<4the profit js r cent. 

6. One kind of tea is sold at 3s. a pound, at a profit of 20 per 
cent : another kind costs 2s. Sd a pound. If I lbs of the former 
are mixed w tth 3 11m. of the latter, and the rnixtuie is sold at 3s. 4d. 
a pound, w hat in the profit per cent ’ 

7 . A builder sold a house for £943, thereby gaming 8 percent. on 
hin outlay ; what did it cost to build it’ if the purchaser let# the 
house at £70 a year, find how much jx*r cent, per annum he make# 
on the purchase money. 

8. A general ha\ing lost two-sevenths of his men in brittle, and 
6 per cent, of the remainder by sickness, found lie had 96,880 men 
left ; how many had he at first ? 

9 . If to every gallon of whisky a spirit merchant add# a pint of 
water, and sells the mixture at the same price per gallon a# he gave 
for the whisky ; what is his profit per cent.? 

10 . By selling an article for 4t^ 6d. the gain is 10 per cent.; what 
will be the gain if the price is rained to 57#.? 

11 . By selling 10 acres of land for £4699. 8s. 3d. a man gained 
61 per cent. ; what was the original price per acre ? 

12 . If 17 lbs. of tea worth 4s. be mixed with 25 llw. at 4s, 8<L, 
and the whole sold at 5s. 4d. per lb.; what i# the total gain and the 
profit per cent.? 
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13. If •gunpowder consists of 10 per cent, sulphur, 15 per cent, 

charcoal, ana 75 per cent, nitro ; how much of each material is 
required to make up 2£ cwts.? ^ 

14. If the populations of three towns in 1871 were 42,913, 8724, 

and 985,577 respectively, and in 1881 it is found that the first has 
increased by 7-por cent., the second by 10 i>er cent., and the*third 
by 13 per cent. ; find the increase per cent, of the united populations 
in the same time. • 

16. From a vessel containing a gallon of water a pint is removed, 
and in its place a pint of brat*ly containing 40 per cent, alcohol is 
added ; what percentage of alcohol is thdte in the gallon of liquid ? 

16. If eggs are boqght at 10s. a gross (144) and sold at Id. each, 
what is the profit per cent.? 

17. A quantity of ore containing 23 per cent, of copper is bought 
at 9s. per cwt.; 95 i>or cent, of the copper is extracted at a coat of 
2s. 10Jd. per cwt. of ore ; find the price per ton at which the copper 
must ho sold if a piolit of 15 per cent, is to be made. 

18. Two vessels contain each a mixture of water and wine, in tho 
ratio of 2 : 3 and 3 • 7 respectively ; what quantity must lie taken 
from each to form a mixture which shall consist of 5 gallons of 
water and 1 1 of wine ? 

19. d sells a houso to H at a loss of 10 per cent.; fi resells the 
house to A at a gain of 10 per cent.: what percentage of the original 
cost has A gained or lost by the doubly transaction ? 

20. In what proportion must a merchant mix one kind of tea at 
3s. per lb. with another at Is. 6d., so that by selling the mixture at 
2s. 8d. ho may make a profit of 25 per cent.? 

21. Two houses are of equal value ; by selling one for £127. 10*. 
there is c- loss of 15 per cent. For what sum must the remaining 
one be Bold in order to gain 8 per cent, on the whole transaction ? 

22. The populations of the upoer and lower parts of a town were 
equal, and after the former haci fallen 20 per cent., and the latter 
risen 15 per cent., the total number of inhabitants was 39,390 ; what 
was the population of each part at the first? 

23. If the cost of travelling by rail for 42 miles is 5s. 3d., what is 
tho cost of travelling 35 miles at a price per mile 20 per cent, higher ? 

24. The population of a country is 18,844,000; of those 1,499,000 
were employed in agriculture, and 3,110,000 in trades: find the 
percentages of the whole population of each of these classes. 

26. A man sells oranges at lid. per dozen and so gains 10 per 
cent, on his outlay. At what price per dozen must he sell them to 
gain 25 per cent, on his outlay ? [U.E.L] 

26. On board a ship thero arc 656 men, 257 women and 66 
children. State these atf percentages of the total number of 
persons. [TJ.ELI.] 
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27 . (f*) What is 5 per cent, of l ton! (Answer in lbs.) •(/») Find 

the number of which 20 is 40 per cent. [L.C.U.] 

28 . A gun-metil coating weighing 1 cwt. consists hy weight of 
10% tin and *2% /.me, and the remainder eopjier. How many um. of 
copper are there m the costing? 

State the ratio lietwocn tlu* weights of /.me and copper present. 

[L.C.U.] 

29. A piece of work requires 14,250 bricks at 32s per 1000, 
cartage and mortal at £3 3s fid , and the luUiur of 3 men each at 
lOd. an hour for 5 da\s 0 hours Au h Twenty five per cent, is 
then charged for exis-nses and piotit. Find the price charged. 

[N.U.T.] 

Summary. 

Average. —Tin* nerago or mean of a given iiuiiiIht of similar 
quantities is obtained by dividing the total sum of the quantities by 
the number of quantities 

Ratio. - The relation between two quantities of the same kind, or 
the quotient obtained by dividing one by the other, is called a 
Ratio. Hence the ratio of 3 to 0 ' ?, \. 

Proportion is the equality of two ratios. The four numbers 3, 4, 
15 aud 20 form a projK>rtion, or the ratio of the first two is equal to 
the ratio of the last two terms, 

] Jo, or 3: 4.: 15:20. 

When three terms are known the fourth can be found. 

The product of the means, or 4 v 15, is equal to the product of the 
extremes, or 3 x 20. 

Mean Proportional. — When three quantities arc in proportion and 
the second and third terms are equal, each is said to be a mean ;/ro* 
portioned to the other two. 

Third Proportional. When the ratio of the first term to tho # 
second is the same as the second to the third, the latter is called a 
third proportional to the other two. 

Moans. — The geometrical mean of two numlwrs is the square root 
of their product ; the* arithmetical mean is half the sum of the 
numbers. 

Percentage.— By percentage is simply meant a fraction having 100 
for its denominator. 
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ALGEBRA. 

KXPLA NATION OF SYMBOLS SUBSTITUTIONS. 

ADDITION. SUBTRACTION 

Explanation of Symbols. In dealing with numbers, or 
digits, as tin* numerals 1, 2, 3 ... aio called, accurate results are 
obtained whatever he the unit employed. Thus, the digit 7 
may refer to 7 shillings, ounces, yards, or other units. In 
adding two digits, such as 7 and 5, together, we obtain the sum 
P2, whatever the unit employed may no. 

The signs already made use of in Arithmetic are also em- 
ployed in Algebra, but in Algebra representations of quantities 
are utilised which have a further generality. Both letters and 
figures ape used as symbols for numbers or quantities. These 
numbers may he known numbers and are then usually repre- 
sented by the first letters of the alphabet, a, />, c, etc., or they 
may be numbers which have to he found, called unknown 
number's, and these are often denoted by .r, y, 

) 1 

A BCD 

Pro 4. 

A more general meaning is given to the signs -f and - . 

If a distance AC measured along a line AD (Fig. 4) is said to 
be positive, the distance C.l measured in the opposite direction 
would be negative. *• * . 
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'flie mm It of the first measurement could In* indicated by 
+a, while the same distance C.l, hut ww * uml in th e opposite 
direction, would 1# indicated by —a. 

Again, if a length CD he measured in the same direction 
from left to right and he denoted bv *fb, the length DC 
measured from right to left would he indicated by — b. 

Hence + <i+b would mean the sum or addition of the two 
lines, and so a line of length equal to .!/> i» obtained, where 
.]/> ,ir+*7> 

Similarly, +" l> would denote, the length AH obtained bv 
measuring a length a in the positive and a length h in the 
negative direction. 

Hio beginner will probably exjierienee s<um* dilhculty in the 
consideration of these positive and negative <|uautities. In 
Arithmetic the dithndtv is avoided, foi the only use that iH 
made of the sign (Minus) is to denote the operation of 
subtraction, and in this idea the assumption is made that a 
quantity cannot be subtracted from another smaller than itself ; 
moreover in Anthnutn* we are apt to assume that no quantity 
is less than 0. 1 n Algebra, on the nuitraiv, we must get the 

conception of a quantity less than 0, in other words, of a 
negative quantity. Thus, as an lllnstiation, consider the ease of 
a jjersnti who neithei owes nor js»sm*sscs anything ; hm wealth 
may be represented by 0. Another js-isori wlio not only 
possesses nothing but owes £10 is woise ( ,fl than the first, in 
fact he is worse off to the extent of £10 c ompared with* the first 
person. His wealth may, therefore, Ihj denoted by - £10. 

Again, in what is called the* Centigrade Thermometer the , 
temperature 1 at which water freezes is matked O', and that 
at which water l>oils HXT, and any tenqsuature be tween these 
may lx* at once written clown. But it is often necessary to refer 
to temperatures 1 k*)ow the fizzing point. To do this wo 
represent the reading in degrees, but prefix a negative sign to 
indicate that we measure downwards instead of upwards, lliua 
+ 5°0. or. as it is usually written, 5°C. indicates five degrees 
above freezing jK*int, whereas -.VC. indicates five degrees 
below. 

If AC denote a distance of 4 miles in an easterly direction, 
and AB a distance of miles (Fig. 4), then a person starting 



64 WORKSHOP MATHEMATICS. 

from A and walking 4 miles in an easterly direction will arrive 
at C \ if when he arrives ho proceeds due west a distance equal 
to miles he will arrive at B, and his distant*, from A will be 
2^ miles ; or if as before a denote the distance AC, and c the 
distance AB, then if BC l>e denoted by b , the distance from A 
would be expressed by +<i ~l> — + c. 

Algebraical Sum. -When writiftg down an expression it is 
usual, where possible, to place the positive quantity first and to 
dispense with the 4- sign. The above expressions would, there- 
fore, always be written as a + b and a-b. The signs placed 
between the numbers indicate in the first caso the sum of two 
positive quantities, and in the second case the subtraction of one 
jwsitive quantity from another. In the latter case the quantity 
a-b could also be descrilied as the addition of a negative 
quantity h to a positive quantity </, by which what is called the 
algebraical sum of the two quantities is obtained. The alge- 
braical sum of two or more quantities is, therefore, the result 
after carrying out the operations indicated by the signs before 
the quantities. 

The algebraical sum of +10 and - 18= -8. 

In the quantity a - b, if a represent^ a sum of money received, 
then -b will represent a sum of money paid away. The 
algebraic sum is represented by the balance a - b. 

It will be seen that in Algebra tho word sum is used in a 
different and a wider sense than in Arithmetic. Thus, in 
Arithmetic a-b indicates that b is to lie subtracted from a, 
but in Algebra it also means the sum of the two quantities. 

• How a Product is expressed.— The arithmetical symbols 
of operation, +, x, and +, are used m Algebra, but 
are varied according to circumstances. The general sign for 
the multiplication of quantities is x ; 'but the product of 
single letters may lie expressed by placing the letters one 
after another ; thus the product of a and b may lie written 
axb but is usually written as qb. In a similar manner the 
product of 4, a, x, and y is expressed by 4 axy. It will be 
obvious that this method is not applicable in Arithmetic. Thus 
fi x 7 cannot lie written as 57. 

The product of two quantities such as a + b and c+d may be 
expressed as (a + 6) x(c+d), or usually as (a + 6)(c+tf). 
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Expreuion. Quantity. -“When, as in a+b-c, «r 4axy. 
several terms are joined together by signs, they form what is 
called an affjebrah' expri't.von or quantity. 

OJher names used in Algebra. - Any quantity, such an 4a, 
indicates that a quantity a must l>o taken four tunes ; the multi- 
plier of the letter iH called a coefficient; and 4a, containing a 
coefficient and a letter in called a term. 

Multiples of , the quantities a, etc., may be expressed by 
placing numliers before •tlicm as, 2a, 3/>, b.r ; the numliers 2, 
3, and 5 thus prefixed are culled the ci*efficionts of a, b , 
and x. 

As in Arithmetic, p. 3, the product of a quantity multiplied 
by itself any number of times is called a power of that quantity, 
and is indicated bv writing the numliei of factors on the right 
of the quantity and above it. Thus : 

a xn is called the squat e of a and is wntten o ‘ l ; 
b x b x b is called the eulie of b and is written IrK 

Similarly, rxcxc...n factors is written r" and indicates r to 
the power n. 

The number denoting tl* power of a given quantity is called 
its index (plural indices) or exponent 

It is very important that the distinction Is-tween coefficient 
and index 1*3 clearly understood. Thus 4a and a 1 are quite 
different terms. Let a - 2, then 4a - - 8 ; but a* ~ 2* 1(^ 

The use of signs may Is* exemplified in the following 
manner : 

Kx. 1. In the expression a’ + fc-c, 

Let a -4, b — 7, and r = 3. 

Then «4 f h - e - 4* + 7 - 3 - 23 - 3 - 20. 

JKr. 2. Find the value of 

+ , when a?3, b = 5 t <* = 2, x^$, 

bx -a 1 - c * 

Here ax 5 + fe a =3 x 6 s -f 5* =-133, 

•■Ian bx- d 1 - fl=: 5x6-3 2 ~2— 19, 

*x* + b* _133_ 7 

bx - a * - c 19 


W.M« I. 
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Ex. 3i Find the value of 

(ac - Myja % bc + bhd + e 4 ad - 2, 
when o = l, 6 = 2, e-3, d = 0. * 

Substituting these values in the given equation we obtain 
(3 - 0)vT x 2 x _ 3T4 x 3 x 0 + (9x~l x 0) - 2 
= 3V6^2>=6. 

In Ex. 3 it should bo carefully notic d that, as one of the 
given terms d is equal to'O, any term contacting that letter 
must be 0. Hence we may either omit all the terms containing 
that letter or, by writing them as in the above example, the 
terms in which the letter occurs are each seen to be equal to 
zero. 


EXERCISES. X*. 

1, VVhat signs are used in Algebra to denote addition, subtrac- 
tion, multiplication and division ? 

What are the meanings of - , + , 0 ? 

2. Represent i +1+ | algebraically when = 

If a = 6, 6-5, c- 4, d~ 1, find the value of 

8. 4a6, 56c, 3rd. 4. r a + 2a6, 2a s , a 2 (a + 6). 

5. a a + 2a6-c4d. 6. 2a 8 -3a a 6 + c 3 . 

7. a 8 (a + 6)-2a6c. 8. 2a n/( 6^- ac) W(2ac + c a )’. 

If a — 5, 6=3, c =4, <f= 2, x~7, y — 5, c ■= 1, f— 0, find value of 

9. 2a - 4c +2e + 56 -d - x. 10. 36 4 7e - V*+ 6a - 46 - c + 3y. 

11. 66 4- a 4- 4d - /*4- 3« - 6c + 2^ -- 3y. 12. £Llfo. 

b + x 

Given F=4, <=10 and ;/=32, find the value of 

is.s=mi^. 14 *= ^’. is. ’s=r<-fec. 

16. Given JF=75, F=110, find value of ~ — 

2 g 

Addition. — The addition of algebraical quantities denotes the 
expression in one sura of all the like quantities, regard being 
had to their signs. 

When like quantities have the same sign, their sum is found 
by adding the coefficients and annexing the common letters. 
Thus 7a+4a=» 11a. Also, 7a + 3a + 36 + 5a = 15a +36. 
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When several quantities have to l>e added together, they may 
Ixi written in co Limns as here shown ; the positive 
and negative coefficients are then added separately, 7a+5b 
and the sign of the greater value is prefixed to tho -6a+46 
common letters. The operation would proceed as _3/i-26 

follows : Arrange in columns, placing the letters in 6a -1-76 
alphabetical order. Commencing with the row on 
the left-hand side, we have 7a-l-3a * l()a. Now add to this -6a ; 
or, in other words, from 10a subtract 6a, and the result is 6 a as 
shown. 

Again 66 + 46 - 96 ; and 96 - 26 - 76. Hence the sum required 
is 6a + 76. 

KXKRCIKKS. XXI. 

Add together 

L a +36 f 4c t 5d, 2a - 6 - 3r - (id, 7a 66 9c lid, 

and a + 1464 c + 2 3d. 

2. 10a - 86 + 8c - 2d, 3a 4 36 - 7' \ 1 Id, - 3a 1 76 \ 9c 4 6 id, 

and 3a + 96 - e - 1 2d. 

3. 7a + 56-3c + 4d, 3a-jj6- 4c- d, 36 5a-.V-3d, a + 6-c-d, 

a - 6 + c - d, and 3a - 36 4 IU l 2 d 

4 . 2a? + 3a - 46, 3x4- 2a 56, 4x-8a ) 76, 9x 4a -l 66, 

6x4- 7a - 96. 

6. 3x - 7y 4 2:, 4y + 6: r, - 3.: - 2y 4 a, 4x 4 3; - y. ^ 

6. - 6ax + 26y - 7, 1% 4 18- 4:, 4ax 9 6y, 26 f 3 ax 26y. 

7. 8xy - 4ar 4 26c, 6a; * 5mn 3 p, 26c - 3 zy 4 Ha:, - .ry - 6c - as, 

- 4a; 4- 3xy - 46c. 

8. 5a 4- 36, -6a 4- 76, a + 6 + c, -a-36 + c, 2a 2 f 3a 76, 

26 -3c 4- a. 

9. 15a 9 + 6 3 + c 9 , 15a^+ I66 9 - 15c*, 17a 2 - 176*+ 17r 9 . 

10, 2yz + 3a6, 6cx 4 2yi 1 5a6, 7a6 - 3*\r + y;, 4el - Hyz - car, 

2car+yz-8. 

1L a 9 ~3a6 + 6 9 + a + 6- 1, 2a* 4- 4a6 - 36* - 2a -- 26 + 3, 

3a* - 5a6 - 46 s 4 3a 446 -2, 6a 9 + 10A6 + 56 2 + a + 6. 

Find the numerical value when u = 1 , 6-2. 

12. 2a 9 -6064- 26* + 2a 4- 26 -2, 4a* + 8a6-66 9 -4a-46 + 6, 

6a 9 - 10a6 -86 9 + 6a + 86 + 4, 12a 9 + 20a6+ 106* + 2a + 26. 

Find the value of the result when a = 2, 6=3 
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Add together 

13. -* ,a -Try 4 y“ + x \ y -1, 2z 3 4-4a^-3y 2 -2z-2y+3, 

Hr 1 - 5ry - 4y' J + 3x + 4y - 2, and 6 -c 2 + lO?ry 4 5 y l -4 x 4- y. 

Find the numerical value of the result when x-2, y- 5. 

14. « 3 4 Mb - dab* 4 2b\ M 4 8a 2 6 + 9a6 2 } 56 s , * 

- 4a H - Mb + 4a6 2 - 4 6 s . 

16. a s f a6 2 4 or 2 4 5a 2 6 f a 2 c - a 6c 4 - 

2 a * 4- 3a6' J - 3ar- 4- Mb 7a 2 c f Sake + Sadr., 

1 l« s Ml 1 4 7ac 2 - 3 <$> 4 2a 2 c - 4 the - 7«cc/, 

- a 3 I rtf/ 2 2a c 2 - 7a 8 6 Mr -4 2abc - 3 iPf 

Subtraction.— In Algebra, to perform tho operation of sub- 
traction, arrange the terms as in addition, change the signs of 
all the terms to he subtracted, and then add to the other 
expression Thus, to subtract To from 13a, we reverse the sign 
of 7a and make it minus; for 13a -To is only another way 
of expressing that 7 a is to be subtracted from 13a. lliua 
13a - 7a ~fia. 


Ex. 1. From f>a 4 Mr - 'lb subtract 2c --4//. The (juantity to be 
subtracted when its signs are changed is - 2c f4y, 

\ the remainder is 5a 1 ,‘j.c 2 b 2c 4 4y. 


Ex. 2. Subtract a 2 - 2 b - 2c from 3a 2 4 b 1 Or. 
Here, after arranging as in addition ami changing 
tho sign, we proceed as in addition, thus : 

3a 2 - ai=2a 2 ; 26 -4 6 ~ - 2b ; and, finally, 

6c 4- 2c = 8c. 

Hence the result is 2a 2 - 26 4 8c. 


3a 2 -46 4- 0c 
- a 2 4- 2/> 4- 2c 
2a 2 -26 + 8c 


It is not necessary on paper to perform the actual operation 
of changing the signs of all the terms in the expression to be 
subtracted. The operation should Ik* carried out mentally. 


Ex. 3. From 7x : ~ 2x 4 - 5 subtract 3.r 2 f Tw 1 . 

Here we may as in Ex. 2 write the terms under each other, 
ohauging tho signs of all tho terms in the bottom 
line, hut it is hotter to write them as they are given. 7x* - 2x 4- 5 
Then after mentally altering the sign of M we 
obtain by addition 4X 2 . Again mentally altering 4s 3 -7* + 6 
the sign of 5x and adding to - 2x we obtain - 7x ; 
and, finally, repeating the operation for the last figure we get the 
number 6 . Hence the result is 4z* - 7x + 6 . 
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The subtraction of a negative quantity is equivalent to 
adding a corresponding positive quantity. 

If 0 length ,lfi, Fig. 5, l>e denoted by a, and another length 
BChy h , then a + b would he represented by A(\ a lino equal in 
length to Ml + m \ both being measured in the positive direction 
(from left to right). 

Also a-b would Ik; a quantity obtained by subtracting h 
from o, and could Ik* obtained bv measuring off a length lit) 
in a negative direction, sy that a - fi is appropriately represented 
by A I). 


* a -M-- b -► 



Fin 5 

As liC is js»siti\e, the ie\ersal of diiection indicated by i'll iH 
negative, and would be indicated l>) -6. Thus a minu * sign 
before a quantity the dire<tion in wlmh the quantity 

is measured. Now, to subtnut b fiom <i, wc icvcrxed the 
direction of b and added it on to a. If then we have to sub- 
tract a negative quantity, b or from a jsisitivo quantity a , 
by reversing the direction wc obum lit' oi + 6, and adding on to 
a we get A C or a -f b. Wc could indicate this by a -(-/>), the 
negative sign outside the bracket indicating that the quantity 
inside the bracket has to Is 1 subtracted from </. The flange in 
sign is true whether the quantity subtracted be positive or 
negative. Hence, the diagram proves the mle alroady given, 
namely, to subtract one quantity from another- change the • 
sign of the quantity subtracted and proceed to add the two 
together. 

EXERCISES. XXII. 

L Explain w’hy -a + 6= -(a -6). 

Subtract 

2. 6a 2 + a~26 + 3 from 12a* -3a + 6- 1. 

3. 6y® - 5y + 3a from By 2 - 4y - a. 

4 . 2a 2 +56 from 6a 2 -26. 

6. 3a ry - 8x - 7 from 5ry + Sfc - 2. 

6 . j^+xy + lfi from S^-xy + lO. 
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Subtract 

7. 4a 3 4-Aa 3 A4 "ah 1 7 /r* from 3a s - f>a 3 A + 6aA 3 - 7A 3 . 

8. a 3 - 3a 3 A f 3a/* 1 - 6* from a 3 + 3a 3 /* 4 3aA 3 + A** 

9. 4a - 26 + 3r from 9a +■ 06 - 5 r. 

10. Aaxf46y Or: - 2 from 4ar 36y 7'~. 

11. 4JT 3 - 3ar 3 - x f 2 from 7.H - fla J + 2r - I. 

12. 3a + 2 6 4 r from f>a I 46 4 1 0c. * 

13. 4: 4 y 3 -f .Tr 20 from 7s 4 . r >y 4 or + 10. 

14. 2mz ■ 'Abx f 4a y 3 froAi H mz f hx % - ( lay 2. 

15. £a 3 f 3a 3 /* - 4a/* 3 - 76* from 3a s ~ 4a 3 6 4 2a A 3 - 3/r*. 

16. *ar - *y from ij.r t ly. 

17. 3a 3 4a /• * 5 A 3 from tho miiii of a 3 - aA + A 3 and 2a 3 + 3aA - 4 A 3 . 

18. Add together .Trty 3 10v 4 , - .Hy 3 + (iy 4 , 8 * *'v 3 By 4 , 4a* 3 y 3 + 2y*, 
and from tho miiii Hubtract I 0 » 2 y 3 4 x* -C)t/* 

19. Subtract 2.r* x'-y 4.u / 3 ♦ y 1 from .TH 2»‘y4 .‘try 3 - 4 y'. 

MISCELLANEOUS EXERCISES. XXIII. 

1. Add together 3a/> t r, 4 nr - y, -3a/* Jar x t nr 4 5 y. 

2. Subtract 3a 4 * 2Ay t L ; t 3»i*i from 4 aa *4 4Ay - 7cs f 4mm. 

3. Mud the value <*f (a - A) 3 1 (6 -r) 3 4 (a - A)(A -c) + 5c 3 when 

a- I, A." 2, ( 

4. When .v- 1 and a -2, find the value of 

3 (a + 2af 2( a i 2a) (a - 2x) 4- (a - 2a) 3 . 

5. If a « 5 , A - 4 , r - J, find tho value of 

* (7a 9A) 3 M 14/* - 16c) 3 + (9a - 12c) 3 . 

8. Find the \alne of (~xt 3A)(a - A) - /*{3a - c (4a - A) - A 3 (a + c)f, 

• when a-0, Ar 1, r=J. 

7. (or - M)va*Ar- Ificd 4- c*ad - 2, when a = - 1, A — 2, c=3, d— 0. 

8. 3aAc - 2Ac</ v^u^Ac c^ni + S, when a = 0, 6=1, c- -2, r/= 3. 


9. (i) 20(x - 2y)(j f 4y); 



(iv) A 3 ; 

when 2 jt = 3, and y ~ -0-4. 

10. (i) a*.ry ; 

(u> * - y 

a y a+x 

(ill) 8xy4 4a 5 4 \ (10- ay) ; 

when ar» -2, y=3, and 4« = - 1 
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11. What must l»e uddcd to 3ax - ‘if 3 to make a 9 + ajc 4 3j*? 

12. From the sum of 2a + 3//, ~6a + 7ft, ti-fft-fr, -a-3lMf, 
subtract 3u - 5ft -%•. Find the \ alue when n = 1 , ft ~ 2, c - 3. 

13. Add together x* + 2xy i y 3 , 'lx* 6xy t 8y», j?_ I Jjry t IKy 5 , 
ix' 1 - 14xy f- l.'tw 3 . 3x a f lHxy - Wy 8 , and from the mum subtract 
1 1 x 2 f 24y a . Find the value when x - 1 , y 2. 

11 F rom 8x 3 f4x + 3 take* 5ar* - 3x 2 - 4x 13; then taku 
■ix 3 ItlxMHx 1« 

from the remainder. Find the \alu<*of the result when x- 1 5. 

15. From the sum of 

2x 3 4 ax 2 ux *-2 n*Ji, x' 1 \ Wax 5 , and .'lx 3 Sn 7 x - 8x 3 i 3ox* 
subtract 2x’il4<u?tax 3a’x. 

Find the \alue of the remainder when a - 2, x -4 5. 

16. From the sum of u * ft 3 r, a \ 5/; f .w, and a - oft take 
the sum of a f 6ft } r and oft - 4c. Find the \alue of the remainder 
w hen a - 1 *4, ft ~ 2 5, c - 3 7. 


17. Simplify h¥ b^-c? hTc 

In the result substitute b~ 1, c -- 2, and determine its value. 


18. Simplify 


. a 2 2aA f ft 2 . . a 2 (U' 1 oft ■ hr 
aV/> , Kf „ {a4 M ~ ■ 


r-t v"/ — , * vi . , i r — ■ 

a 4 h a if) a (a i b) y j 

19. Find the value of 4a 2 + Sab - ft 2 when a -- 3, b 2. | L.C.U.] 

20. Find the value of y in the expression y - (2x 4) When x - 5. 

21. Find tho sum of ^ (L.O.U.] 


22. (liven m - 1 1 4, n- 4 8, /? - 8*6, find the lalue of 

m(m - j>) 

• n(p - n) : 

23. Find the values of !*, ° and if a 

ft y r-b a-b-c 

c-8. 

24. Find the sum of 6a - ft, if - - a - ^ and l 

•12 4 o 


[N.U.T.] 

10, ft*J, 
fN.u.y.) 
[N.U.T.J 


ft 



CHAPTER VIII. 


ALGEBRA. 

MU LTl PLICATION. DIVISION. USB OF BRACKETS. 

Multiplication. As already hcoii in Anthmotic, multiplica- 
tion may be consulered as a concise method of finding the Hum 
of any quantity when repeated any number of times. The sum 
thus obtained is railed the product. In Arithmetic the sign x 
is employed, but in Algebra this may, or may not be used; 
thus, ah a x h ; tt(j--y) a x (r ( . tc 

In multiplying, what is called’ the* Rule of Signs must be 
observed, i.e. The prmiuet of tiro terms with like signs is positive } 
the firm t net of two terms with un/ike signs is negative. 

As this rule usually presents some diflieulty, we may with 
ad vantage ex plain the reason for it, thus • 

Take any two factors, such as 3 and ft, then the possible 
varieties of the signs may la* 

ft x 3, - ft x 3, ft x - 3, - ft x - 3. 

• Thu nrst product we already know is 15, the second is obviously 
-ft repeated three times and is therefore - lft. 

1’he third case is more difficult, but the result may be ob- 
tained as follows: Assume the multiplier -3 to be increased 
by A, the product would then be 5 x 4, or 20 too. great. But 
-3 increased by 4 is 1, and 6 x l=b ; hence the result is 5-20 
or -15. ’ 

In a similar manner, if in the last case the multiplier be 
increased by 4, the result will be -5x4 or - 20 too great. But 
the multiplier -3 increased by 4 is 1. And since -5x 1= -5, 
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to obtain the product we have to subtract - 20 from * 5 ; but 
as in subtraction the sign of the t U*rm subtracted is changed, 
it is necesMry t<t change the sign of -20, which then liocomea 
+ 20, and the required product is -5 + 20-15. 

Sifhilar results would obviously l>e obtained for the product 
of any two factors ; hence the rule of signs is soon to be true. 

In a similar manner, if a is to be multiplied by b t it nmana 
that a has to lie added to itself as often as there are units in b ; 
hence, the product is af> . * 

If ~ a is to Is* multiplied by -/», it means that -<i is to l»o 
subtracted a-* often as there an* units in />. Hut smee to subtract 
a negative quantity is the Mine as to add a |H*sitive one (p. C9), 
the product is again ah. 

Again, if -a is to Is* multiplied by h , it means that -a is to 
be added to itself as often as there are units in ft, hence the 
product is -ah. The same result would be obtained by multi* 
plying a by ~b. 

Hulk. To multiply two simple expressions together, multiply 
the coeffivient* and add tfa * uala »\< (p Oh) of like h'ttrr*. Hemember 
also 1 hat Itke ftbjns produce +; un/di Mfjnx pnxhur -. 

Ex. 1. 4aA<3aWs|2a*tA 

Ex. 2. 4 oW x 6a«ftW = 24a 7 hW. 

When the expressions consist each of two terms, the process 
of multiplication is con\enientl\ arranged as follows. 

Ex. 3. Multiply x f 5 by x 1 6. $ 

Writedown the two expressions as shown, one under the other; 
multiply each term of the first expression by each term of the • 
second, and arrange the results as here indicated ; 
begin at the left-hand side, thus, r y x - x 3 . Write x 4 5 * 

the x*, and the produced x and 5 or 5x, As the x - 4 6 

signs are alike, the sign of ca**h of these product* 6x 

ia + . Next multiplying by the second term 6 we (hr + 30 

get 6x + 30; the term 6x is placed immediately x*+ llx + 30 
below the corresponding term 5x; and the term 30 
on the extreme right-hand aide ; finally, add the 
terma together to obtain the product. By arranging the terms one 
under the other, and multiplying, the result can alwaya be obtained. 

But this ia not enough ; in such a simple expression the student 
should be able to at once write dowu the product by inspection. 
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Thin i# effected by noting that the first term x 1 of the produet is 
obtained by multiplying together the two first terms in the given 
expressions; the last term is the product of.tho*two second terms 
fl anti 5, and tho middle term is the product of x and the sum of 
the two second terms. • 

\ (x f 5 ){r 4 G)-r a i Hr f 30. 

In a similar maimer, * 

[a 4 ft) J , or (a f b)(a l- ft) - a- 4 2 ah + ft 2 , , 

(a - ft) 3 , or (o -- 4) (a - -ft) — a* - 2a h f ft 2 , 

(r . r >)(r 6)=# -llxl-30, 

(x fi)(r 4 0)-a J 4 x -30, 

(r+r>)(.i ti) j 30. 

When tbc product ot t wo expressions containing more than two 
terms is required, it is usually convenient to arrange tho terms 
one under t hi* other, and to proceed as in the following example. 

Ex. 4. Multiply together 14 <o 3 oft 4 2 and uc-nft f 1. 

Un - 3aft + 2 
nr - aft I I 
1 4a V J - 3 a 2 ftc + 2a c 

14a-ftc 4,W 2 aft 

4 1 4ac ^ 3 aft 4- 2 

1 tuV - 17a a ftc i lfloc * 3a 2 ft 2 oaft 4 2 

Proceeding as in Ex. 3 wo have 

14oc x ac= I4a 2 r 2 . 

Next . 3aft < nr = 3a 2 ftc, 

and filially ar x 2 = 2ar. 

In a similar manner, by multiplying by a ft the second line is 

* obtained. After writing down the third line, the terms are added 
and the product is thus found. 

Continued Product. When several quantities are multiplied 
together the product obtained is callod tt!e continued product of 
the quantities. 

Ex. 1. The continued product of 3ft, 7c and 2a is 42aftc. 

EXERCISES. XXIV. 

Multiply 

1. <*»+• 2a>ft + 3aft 2 + 3ft 3 by a’ - 3a J ft 4 Soft*. 

2. J 4 - 4xy 4- fiy* by x oy. 3, x* - 5xy + fiy* by x - 4y. 

4, Provo that (a-ft f o)(6-c+a)-(c-6 + a)<c + a +ft)=2c(ft-c-a). 
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Multiply • 

5. 4a*+l2aWW/ 1 by 4a* 12 «/h 1W». 

6. 5 x 6 - lir 1 -!/ fly ix*- ‘2x*-t 5. Find the numerical value when 
x- 1. 

7. «(a a r b‘ + c» - - or - be) by (a f ft i < ). 

8. Show that. ( <i) * ( b) = + ah. 

9. Multiply Sx 2 fuy i 7 y* by 7-r 1 f 6xy 5y* 

10. Exprt‘88 by algebraical symbols : Three times the square of a 
multiplied by h added to the ditlerenc<^lietwveii the cubes of a and b. 

11 . Multiply r 1 • y J f < xy - (. i y. by x y f : 

12 . Multiply together x 5 4 ax * a 1 , jr at , and x- « a 

Multiply 

13 . «* I 'lab + /;* r 2 by « 2 2a/> * M id. 

14 / x J 4 y 1 f t- y; :x xy by i i y -i 

16. 4a J 4 ah Mr by da* + 'Mil, 

16. lx 1 -x + ‘i by 3x* i 2x + 1 \ 

17 . (i - '2b i 1 by 2a + />+ 1, and by la t 3h + I. 

18 . Multiply together 7x 1 1>, /* r 7x 18, x J - 1. 

Multiply 

19 . a* + 2a/» - ,‘V/ S by a' J 5«/> • 4//*’. 

20. x 3 ax 1 - 2a 2 x + a J by x 3 1 ax </*. 

Division. In Algebra, as in Arithmetic, the terms divisor, 
dividend and quotient are used ; hence, from a given dividend 
and divisor, we can by the proeww of division, proceed to find 
the quotient of two or more algebraical expressions. When the 
divisor is exactly contained in the dividend, then the product of 
the divisor and the quotient m obviously equal to the dividend. 
When the divisor is not exactly contained in the dividend, and 
there is a remainder, the remainder must In* added to the 
product of the quotient and the divisor in order to give the 
dividend. 


Ex. 1. Divide 18ax 2 by flax ; 


9a* 


As in Arithmetic the work may be done by cancelling, thus, 
18 ~9 give* 2, 

and ax 2 -our gives .r, 

hence the required quotient is 2x. 
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Ex. 2# Divide 15a 9 /* 3 by 5a ; 

l5 f‘ ; -WP. 

5a 

In oach caw by multiplying divisor and quotient together we 
obtain the dividend 

When the dividend and divisor both consist of several terms, 
we arrange both dividend and divisor according to the powers 
of the same letter, beginning with the highest. The following 
example worked out in full * ill show the method adopted : 

a 3 1 2/ix 4 x 9 ) a* | 5a ir f 10a 3 x 2 f lOaV f 5cw 4 + a J (a : ’+.'la a x+3ar , +x a 
uM -Vx ( aV J 

3a V | 9« J x a 4- lOaV 1 
3a 4 x 1- (toll - 9 1 3a\r‘ 

.'UCx ; I- 7a V f-5ax* 

3a 3 r* f fla V f-Baj -4 

aV i 2ax 4 Ke 6 
oV 1 I Sax 4 f j- 3 

Divide the first or left-hand term of the divisor into the 
dividend. Thus, a- into >r' gives o' 1 ; write this quantity on the 
right-hand side as shown, and put (Jie term a ft under the first 
term of the dividend. In a similar manner by multiplying the 
remaining two terms 2 <tr and bv <i 1 and subtracting we 

obtain 3 n\r f Now bring down the next term lOaV*, and 

proceed ^vs liefore. 


EXERCISES. XXV. 

Divide 

1. x 3 + 2xy + y l hy r f y 
a X s IXr 1 f 27 r * 27 by x - 3. 

5, rt s 4- h* by a l b. 

7. a 4 + a 2 /* 3 4 b * by a” f ab j- h~. 

9. ■»* * 2a 1 x 3 4 a 4 by ** - 2ax ha 3 . 

10. a 4 - u*6 s - aV* f- /A* 2 by a a - a/j f ae 

11. x * “ '^Oa^r 3 4- 343a* by fax 4- 7a 3 . 

12 . GxHiuAy + ttry f 6y* by 2x s +3xy4 2y 3 

13. x 3 - a 6 by a 3 ax *■ a 3 . 

14. / fa* - !fz) t y(y* - as) *. (2* - ry) by x 4 y 4 

16. &*» - lOtxV + UxV + lAt-y - isy v .y by 2x» - y. 


2. a 3 4 5a 2 x 4- 5ax 2 4- x 3 by a + x. 
4. a 3 l>* by a - 6. 

6. a 3 - 4a 3 x -4- 4ax 3 - x 3 by a - x. 
8. a 4 f Ab* by a 2 - 2a/* 4 - 2/A. 

- be. 
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Divide 

16. d - ( 1** - -/>'?) -r 4 - p-<] 2 .i 2 - q* 1 »y jr‘ pV 4 ;w?x 7 * 

17. ( x 4- y ) a - a.* 5 - y 5 by x- 4 - ry f y\ 

18^ J ’ 3 + X* + 4jr' + 21 x 2 + 23x - 4ft by r 1 4 4x 4 5. 

19. - a 8 by x 2 a.r f a 3 . 

20. x 5 4 - x* - 9ar‘ 4- 33.» 2 - 7x -49 by x 3 4 - 3x 7. 

21. ‘ix 8 - fiafy - fly 3 by x - 3y. 

22. Obtain the first six terms in the quotient when I ~x t x 3 is 

divided by 1 4 - x. • 

Divido 

23. •'b J t h*6r 4 im-h-f 1 n*U~ h\ x 2ah. 

24. a 3 4- ft 5 - Q?b 3 - a‘~h - air 1 6 ! h\ a 1 , u It, 

25. Hx 4 f 4. r ix 3 y 4 78x J y 9 4- 4. p >xi/ 1 f 14y 4 by 'It - 1 . r > ty 1 7y 3 , and 

verify the result by putting x -1, y -2 in the divisor, dividend, and 

quotient. 

Use of Brackets.— In Algebra it is frequently necessary to 
group partH of an expression, and the use of brackets for this 
purpose is very important. There are several bums of 1 markets 
in general use; for example, (), { }, []. Sometimes a line is 
placed over two numbers, and Midi a line has the same meaning 
as enclosing in brackets. Thus, if a quantity 6_fc has to Iks 
multiplied by </+f the terms may Is* written as h 4 - c x d +/, or 
as (6-bc)(f/-f/). In this wav the use of brackets gives a short 
method of indicating multiplication 'I'he use of the different 
forms of brackets can be shown h\ the following examples . 

Ex. 1. 3a - (4 b - !<'). 

Here, the brackets indicate that 4 h - 7c is to be subtracted from 
3a, and it is obvious that the result obtained will lie the same * 
whether we first subtract 7' from 4* and afterwards subtract the 
remainder from 3a, or first odd lr to 3a and subtract 46 from the 
nun, # 

A positive or negative sign may occur before, a bracket: if 
the former, then the signs of all the terms ate unaltered when 
the brackets are removed ; if the latter (or negative »ign), the 
signs of each term inside the brackets must lie changed. 

Ex. 2. 3a 4 - (46 - 7c 4 - 3d) = 3a 4 - 46 -7c 4- 3d. 

3a - (46 - 7c 4- 3d) = 3a - 46 4- 7c ~ 3d. 

The other forms of brackets which are used are [ ] and { }. 

In each case they denote that whatever is iu one pair of them is 
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to tw regarded as one quantity to lie added, subtracted, multi- 
plied or divided us a whole in the manner w^ich the signs and 
quantities outside the brackets indicate. 

Kr. 3, Express the product of 2a t 36 and 4c + 5 d. • 

The quantities may bo written an (2a + 36)(4c + fv/). 

Further, to indicate that 3/ is* to be subtracted from the 
product and the result multiplied by 7c, we use another pair of 
bracket*, thus, 7e{(2a-f-36)fk’-f-f></) ~3/j ; and to express that 
when 3x ih subtracted from the l.ist obtained product the whole 
must bo multiplied by M, we h.ive to use another bracket, thuH. 
8[7c{(2u+3h)(4c + 6d) -3/} -.V]. 

In removing the brackets it will be found best to start from 
the inside pair. Moreover, to prevent mistakes, it is advisable 
only to remote one jiair of brackets at each step. 

Ex. 4, Simplify 

4x [ (4x - 4y) (4r + 4 y) - J l.» + (4 r t 4y)(4r - 4y)} f- 4y] 
Multiplying the teimi in the brackets wo got 

■ 4r ■ | Hu J 1 tif {4xi\ 6r a - 1 (>y a } + 4y] 

\x ( Hu - Kb/- 4r 10-rJ 4 l(>y a + 4y] 

4r 1 6 » * < l«v J I 4.r *- KU' 1 ~ Ub/ a 4 y 
Hr tv- 


EXERCISES. XXVI. 

1. Explain the use of bracket*, and prove that 

a t- (b -c)~« t b - c, 
n (b -r) - a -/< f e. 

2. Prove that a 1 b - (r - d ) } = a - b + c d 
Simplify 

3. - b) - 2{3a - (a t b) } + 7 { (a - 26) - (Aa - 26) }. 

4. 2(&c- y) - 4{ir (.r y)f - 3{(* - 4y) + 2t3x-y)}. 

6. a - 3[6 - 2{a - 36 j -- 2a). 

a 3{*+ 1) - (6y - :) - 2J r (2y t-:)-(y- 3:)}. 

7. 1 +x-[l + r + {l x- (1 fr)-(l-x + I)}]. 

8. (a - 6 - e) + (6 + r - d) - (r d - f) - (/+ 0 - «). 

9. 3o -[a-f 6 - {a + 6er taift + c + rf)}). 

10. 3<* + 66 - 2r ~ { 3a - 26 - (76 - a -f 3c) }. 

11. I - f2 - (7 - x * 4)] 4 2 - [3 
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(2x-(x-3)} when x-^37. 


Simplify 

12. 13a -(7a + 6 - { 11a - S6 - (17a 4 ft))]. 

«■: (> %•')>] 

ll # 3(2a-ft-r)~5{«~(2h + c)} + 2{6~(e a)}. 

15. Find l ho vnluo of {2x - (x - 3) } when x -37. 

16. Find the numerical values of the following expremions when 
ts =-l,y=-2,s--*4. 

(i)2x-{9y Mx 1 2t UxiylJ 
III) (x tj/-:) 1 ' (x + y) 3 (r-y I- :) + (x - y) J . 

Simplify 

17. 7« 4 lih 2s (4a - 3ft 2r). 

18 . a + 2ft- th-ia+h-c)}. 

19. 7a [4a + 3a ft)]. 

20. 4{3<l - 2(5 - r \ «)) - 1 6a {2c - (oft -hi)}] 

2L [7a -36 4{2ft 3a (4ft <■)}] [r- 2(3a ft) r>'2a-(66- c))\ 

22. (a + b + e) 1 - (a f b - r) 3 4 (a ft 4 e )* f ( - a » b + r) 3 ~ 24aftc when 
2a~2~ - !2ft ~ r. 

oo 1 2 1 . 3aft 

23. — , v +-71 + 1 when x - . —• 

x- 2 a x + 6 0 b a 

21 ?-(y±Lti?Jp±g±a5-: w hen X - i. y ^ |. 

x*+p f s 3 ~ yz - :x xy 

25. When a = l, ft = 3, r-4, d H), find the \ulue of 

(i) 3a 2 ft - 5[ft*c + 2(ft - 3r)] -4 aft (ft 1 - «/) + -• , 

, ih \ f b* + r* M* + 2s) 
a + 2 ft 4 r ft <i 

( Hi) 3aft* - 4 { fte* + 2(e - 3ft)) + as (ft 9 - rfe) 4 

(ivi v/ *+ 2f 
1 ' o+26+rf 2 c -a 


* MISCELLANEOUS EXERCISES. XXVII 

L Multiply 3**-2ax 3 -4a* by 2r s -7a*fa 3 
2. Divide **+2^+1 by x* + 2r+l. 

3* Show that x{x- l)(x-2)(x- 3) + l = (a*- 3*+l)» 
1 Divide O^+fi^ + e**- 17x + 6 by 6**-7*+2. 
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5. /Md together 

“is ■ii. 1 *)}- “(£-v) ^->-4 

6. (i) Multiply l>y x \y ; 

(ii) Divide 4-r 3 3 r u y 20// 3 hy r '2y. 

Find the numerical value of • 

7. (i) Ha 3 -f 27 ft 3 hr" - I Haftr ; 

(ii) 


ft c 

, + t . ; 

ft he r ha a i ft 


when t 1 -0, and 2r -1, 

8, I (WO i (r- 7)(I47<> f (r S|{37S t (r 9) <354 r 10)}], 
when r~ -7. 

9. Remove the hraekota from 

(3a .Vi) (a i*) I *' { 2a - r (3a - b) - ft 2 (a - r) }, 
also find itn value when a -0, ft - 1 , r~ ~ 

10. Remove the bracket a from 

7a I »i | b :»}«• i 4 (ft - 3) (a i 2r)}], 
and find ita value when u = 2, ft- 3, and r = 1. 

Add together 

u. (D • r VV ya < 

1 ‘ .3 4 4 3 -2 12 KJ 2 

(ii) 4a 3 f fr(3r* tla 8 ) + f« 3 ft - #• (e- + 3ftr) he 3 - 2a 2 (a + 6). 

f 3z 3 


12. 




10 5 


(2x-y)V 


13. 4 ft? + r(3a 8 - tlft 2 ). fift 2 e - a 2 (a f 3c), o s -‘2ft , (ft + r). 

l4 - ls {« 1(1'=)}' 30 {rM (2l -4 

Multiply 

i ft* a 8 ft 2 a 5 

15. a + ft 4 - + . bv « - ft * . ■ 

ah- a b 

jJ R»J j. ,2 * 

16. o :l +E+»by a 

Subtract 

17. (a-ft)^-(ft-rly from (a + ft)jr + (ft + e)y. 

io ** *V-*V V s V.y* 

3 “ 4 4 " 3 fr ° 2 + 12 * 12 2' 

19. 3y-j? + s from 3r-5y-6c + (2r4-3y + 4z) -(4T-3y-3s). 
**-*-$* -!*)*"•*- *-(**-$■ 
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Subtract • 

21. n(2A I r) ,'Vir from a{h j 2>') ,'V*\ 

22, b[2r-\ a) 3ra*fnnn h{r • 2a) 


23. ^0 [[ 1 c^j from 0 

h n 

* 2 4 3 ’ 


2L 3r* .r 3 - 1 7 fnn 

take a* 3 4r^ 2a - H. 

1 4r' ,2.i“ 1 jt * 1 and fioru the remainder 

25. Find the value of 

• 



1- • <' , . . . r < a 

l/e , f- O-M {<- 

f*i fir 

1 1 O' //*), 

when a 3, h 1, r ,». 




26. Find the value of 

(f K /• ! (if - h\ a\ m (,| /, } 

\>< < I [< illlH ' M 

when a - 1, 6 .S, ( I 

27. Find the mimetic, d value «*f 

:*•» |/. I la 

I Vi r>/» \ n '21 t 

when 2a - I and /< - 2 

28. Find the mum iicul value of 

u ' a 

<i t l> ^ “ f > a/' 
when 8a -■ 1 and 2 1> I 

29. Simplify 

(a - b){h - r)(c 4 a) * (/; e)(<~ a)(n /«) * (e i/]|a i l/)(M r), 

and find its value when « 1, l> 3. and f 2. # 

30. Kind the value, when r - and y 3, of 

r 4 4 r\/ , 6a- 2 y u ."in/ 3 * ‘iy 4 
2Lr 4 oj-'y 4 0 r 2 y 2 4ry 3 f- y 4 

31. If x = 2 and y - i, find the nmiieiieal values of 

3(i* * y) - 2(r - y), a' 4 j/\ arty®, and r 

32. Multiply - tVi 4 ry* by KVrr 2 // 1 and divide the produet by 
l&r’xy 4 . \crify the result bv substituting n 1, .V-2, and 
y= - 3, in the multiplicand, multiplier, divisor, and quotient. 

. 33^ (i) Simplify 2a - [x 2 - { 3y - a - (2x - x 3 ) } - (a - 2y) - 3 x ] ; 

(ii) Find the numerical value of 

[(/>~7)’ 4 <7- r) J + (r-/i) J ]-M/' , + 7 , + r*b 
when p = - 2, 7 = -3, r- -4 
w.m. 1. 
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34. (Subtract the sum c»f 

a? x 3 - { a - x (2r 2 4) } and a’ r 3 - \ rn ,r - («‘ 2 - ar 2 - 3) } 
from ‘J./- 2 x 3 . • 

35. Find the \alur of 

s/a 2 + // 2 i c~ \fl, a 

n 2h(,i .V *;>)■* 3, f ‘ 

when a ~7, h- 1, r - r ;. 

Express the billowing presses algebraically : 

36. Square o, divide the result by the square of b, then add 1 and 
extinct the square toot. Multiply the sipmie i rw»t hy tv and divide 
hy the H(pmre ot n 

37. r is multiplied by the fouith jsiwer of y , and thin product is 
suht rue ted tioni the square of x mult ipliett by the oulxi of y ; the 
euls! loot in the square of this dilleience is divided hy the square 
r« Kit of the sum of x and y. 

38. Multiply the cuIk* of x hy the square of y. Multiply the 
square of x hy the nils* of y ; suhtiaet the second from the first; 


extract the square root and multiply hy the sum of 5x and 3 y. 

39. Multiply the square of (a-b) by ~ta. [N.U.T.] 

40. Add2u + 35, .'ki-65 anil 25- a; and multiply the result by 

* [N.U.T.] 

41. Hindu I.mi V/- 10a a 6 4 by oa b 1 . [N.U.T.] 

42. D.vi.U- -Jjf’ by [N.U.T.] 


Summary. 

Multiplication. —The product of two terms uith like signs is 
positive, that of two tctnis with unlike signs is negative. To 
multiply two simple expressions together, multiply the coefficients 
Mid add the indices of like letters. 

Division. — The object of division is usually to find bow often one 
quantity (the divisor) is contained in another (the dividend) ; the 
product of the divine- and the quotient, plus the remainder, it there 
is one. is equal to the dividend. 

Brackets. -The forms of brackets in general use are (),{}, and 
£ ); they art* used to indicate that whatever is in one pair of them 
is to 1** regarded as one quant it v. Brackets are usually removed in 
the order named, lieginning with ( ). 



SYMBOLICAL KX PRESS ION. SIMPLE EQUATIONS. 
PROBLEMS PRODUCING SIMPLE EQUATIONS. 


Symbolical Expression, <>n«> of tin* greatest difficulties 
experienced by the beginner in Algebra ih to express the rendi- 
tions of a given piobjom bv means of algebraical symbols, and 
some practice may 1** necesHan before even the simplest 
problem tan Ik* stated. The few examples whnh follow are 
typical of a gmit nuniW. ^ 

Ijet .r denote a quantity ; tlien h tunes that quantity would Iks 
5x, tho square of that quantity would 1m* t J , and a fourth part 

of the quantity would 1m* indicated In 

If a sum of £50 were equally divided among x jierHons, then 
each pei^on would receive 

If the difference of two numljers is 7, and the smaller number 
lie denoted by x, the other will Ik* represented by x-f 7. If the 
larger be denoted by then the smaller will Ik* represented 
by x- 7. 

If the distance Ik* tween two town* ja a miles, the time taken 
by a train travelling at x miles an hour would be a ; when the 

numerical values of a and x are known, the time taken can be 
obtained. Thus, let the distance a be 200 miles, 'and x the 
velocity, or speed, be 50 miles an hour, then the time taken is 
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Although the letters o, .r, etc., are used in algebraical opera- 
tions, nymlxtls are often employed which at ^nce, by the letters 
used, express dearly the quantities indicated. Thus, distance or t 
space could lx* denoted by the sjhmmI, or velocity, by r ; apd the 

time taken by t ; then instead of we u>e \ or the relation 

between i\ .ind t is given by s it I 'nun this i elation, when 
any two of the three temmaie given, the remaining one may be 
obtained. 

In the case of a body falling vertically, the relation lietween 
space dc.setibcd and time of falling is given bv .< where 

denotes tlie sp,ne desciilwd in feet, / the tune in seconds, and 
</ denotes .*PJ i feet per second, 01 the amount by which the 
velocity of a b-»dv falling ficely i^ un leased in each second of 
its motion. In this ca-»e, given either a oi t, tlie remaining term 
may be found. 

Equations. An equation mav in Antbmetic, or Algebra, lie 
taken simply to bo a statement that two quantities are equal. 

Thus, the statement that 2 added to 7 is 5), may l>e expressed 
as an equation bv 2f7 !). Obvjmsly, in a similar manner, 
other statements of equalitv, <»r, briefly, other equations, could 
be formed ; and it will at once l>e evident that the greater part 
of the student’s woik in Arithmetic has lieen concerned with 
such equations. 

All such equations, involving only simple arithmetical nitra- 
tions, may Ihj culled Arithmetical Equations, to distinguish them 
from such equations as ill* 4- 7 -0, which is called an Algebraical 
Equation. As in Arithmetic, the answer to any given question 
remains unknown until the calculation is completed, so in 
Algebra the solution of an equation consists in finding a value, or 
values, which at the outset an* unknown. 

Simple Equations.- When two algebraical expressions are 
connected together by the sign of equality, tlie whole expression 
thus formed is willed an equation, and the use of an equation 
consists in this, that from the relations expressed between certain 
known and unknown onantities we are able under proper 
conditions to find the unknown quantity* in terms of the known. 

Usually the earlier letters of the alphabet, <i, b , c, are 
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used to represent known and its concluding lot tern, .r,*y, to 
represent unknown quantities 

The process of ffnding tin* value of the unknown quantity is 
called solving the equation ; the value ho found w the solution 
or the root of the equation. Thin toot, or solution, when sub- 
stituted in the given expression makes the two sides identically 
equal. 

An equation which in\ol\rn the unknown quantity to the 
first power or degiee « inly is i.illefj a simple equation; if it 
contains the square of tin* unknown quantity it is called a 
quadratic equation; if tie* cube of tbe unknown quantity, a 
cubic equation. Tims, the dcgici* of ail expiission is the 
powei of the high* st tom lontained in it 

If an <*quality involving onlv an algrbnur ojs*ration exists 
lietween two quantities the expression is railed an identity, 
thus (.r-f//)* -.r 2 t 'hy +y- h an identity. 

In the equation 2*4-7 9, * lepnsints an unknown imiulier 
such that twice that numUr in* leased by 7 is equal to 9. It is 
of course obvious ih.it * I, but we uuv with advantage use 
this simple example to explain tin* ojwiation of solving an 
equation, Kcfote doing h* it is m-.esNiiv to note that as an 
equation consists of two equal members oi sales, one on the 
left, the other on th** nglit hand side of the sign of equality, the 
results will still lx.* equal when both hides of the equation 
are : . t 

(a) equally incrnwl or tit mtnx*lu *V, whn h ih the Mine in effect, 
as taking any quantity from one side of an equation and placing 
it on the other Hide, with a contrary sign ; 

(ft) equally multiplied, or equally divided ; 

(c) when each wide is raised to the same js>wer, or the same 
root of each side of tin* equation h extra* ted ; 

(d) The signs of all the terms in the equated expressions are 
changed from 4- to lx>th hides of the equation lsung altered 
similarly. 

Thus, in the equation Sir 4-7 -9, subtracting 7 from each sido 
weget 2 jt-t7-7 = 9 -7, 

or 2r^2. 

Dividing by 2, then x~ 1. 
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Ex. l.« Solve 4r + 2~50. 

Subtracting 2 from cuoh side we get 
4x - 48 ; 



In the example !./•+- 2-- 30 the statement means that if 2 be 
added to four times an unknown numlH»r.r, the result will equal 
30. By a process of trial, substituting the numbers 1, 2, 3 in 
turn for j\ it will be found ftiat the equation is true only when 
x . 7 Then as 1 x 7 28, this value of .r makes the expressions 
on the left and right-hand sides of the sign of equality numeri- 
cally equal, or the equation is said to be satistied. 

Instead of subtracting we can transpose the 2 in the preced- 
ing example from one side of the equation to the other by 
changing its sign ; thus 4.r 30 -2-28. 

Ex. 2. Sol\« 4r + ,'> 3x \ 8. 

Subtract 3c from l>oth sides of the equation and we get 
4 j- 3t i 5 - S ; 

next subtract f> from each side ; 

. x - S - .*> 3 

It is obvious that + 3i and + /> dn the right- and left-hand 
sides of the equation resjK'etivelv may Ik* lemoved from one 
side to the other (or tramfmscd) and apjiear on the opposite 
sido with changed sign ’ * . 

Herns* the rule for the solution of equations is : Transpose all 
(he unknown quantities to one side, and all the known quantities to 
the at for ; simplify if necessary, and divide by the coefficient of the 
unknonm quantity. 

The rules referred to above, under (a\ (h), (r), (d), can perhapa 
be best illustrated by the consideration of a few simple examples. 

Rrut (n). 

Ex. 3. Solve 4.r -r 2 = 3c r 4. 

Transposing, 4.r - 3x - 4 - 2 ; 

( . x = 2. 

Ex. 4 . Solve 5(t + 1 ) -3(x - 5)4-2, or 5x + 5=3x - 15 + 2. 

Transposing, 5x - 3r = 2 - 1 a - 5 ; 

.. 2x- - 18 ; 

- 9 . 


or 
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Rruw (6) and [d). 

Ex. 5, Solve 

Multiplying both aidea by (1, 

,1r * 2jt - 6-c - 42, 

r 5x 6x r - 4 2 5 

- x 42 , 

r x — 42. 

Bx. «. Solve J + 

L.C.M. of (leuominatorM is 15. Hence multiplying both aide* by 15, 
3x*48=10ur 15, 

• 3*- lOx- -15-48, 

7.i - - 63 ; 


EXERCISES. XXVIII. 

Solve the following equations 

1. 5a* 15 ~2 jt t 6. 2. 40 - (>* 16 120 14.r. 

a ar« - 10x = 8* f jt 3 . 4. Bar 3 12akr 2 _ 3ax» 4 Gax*. 


„ 2(r-3) 8|x+5) ,, ‘is x 

'• 7 H +,> i»- 0 - *■ .1 f » l3 ’ 


0 x+3 x-4 „ 
"■ x-i x-e ' 


lo-T^r 18 - 


11. ?(2t-7)-i(x-S) = 4r 1 g l 44. 

12. 'f(2x-l7)-J(16-x)=,' 4 (x < 42). 

* + l x + 2 5~x 2i 2x f 

IS. - 2 - + -5- = -^-4.14. 14. jj 


2xfl 49 3.r 5x + 2 
29 7 “^ 36" 


17.V + x=^ + , 

10 ^lL®*+* , 4x - IIH 

“■ 8 + 17 _ II ■ 


16. *+? + e--? =2 

la *-3 x-6 

10 T x ~ ^ ^ 4 y 
18, 3" 2$ 15 4 12 


** *uL» * 

3 6 ~ 3 + 21 
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29. In the formula F mr \ Oiun m -12, r = 3, r=40, g = Z 2r 
tirul A\ 

30. (liven ^ /?i r* AY (i) When m -10. F- -121, * = .">; find v. 

(ii) m lf», e 1*2, and A’- -30; find •». 

(in) If m 1th >' 24, and > 721^; find F. 

31. Kind the \alue of >r fu>m the tquutioii 

»/• 13 

tr :«K) 2 ‘ ^ 

32. In the equation r' J n 1 2o». find the value of a when t>-60,’ 
u 1U, Vnd i 100. 

33. In the equation » ,a l' 3 i 'If*, (liven r~4,/-2$ and *-33f ; 

find r. 

34. If in the equation ^wr 3 - i»i K 3 - AY w-12, r=ll, P=5, 
and a -90 ; find A . 


Problema producing Simple Equations with one unknown 
Quantity. Having ascertained how to solve an equation in- 
volving one unknown quantity, it is only necessary to express 
the conditions of any given question by means of symbols, and 
thus to produce equations relating to number, quantity, shape, 
etc. 

Ability to wive an equation readily and easily will be found 
of the greatest value in all, or nearly all, questions in applied 
science. The liest practice at the outset is to make up simple 
equations, ami having done so, to proceed to solve them. Thus, 
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a* a simple suggestive example, take any nuinlwr, say 8. Then 
1 added to tw^e 3 gives as a sum 10. Expressing this in 
avmlxds we have 

2* +4 10. 

from which .r 3 

Again using the same numhei wr <an h.i\ that if 0 Ik* added 
to the number twin' tie* miiii will he 18. Expressing this in 
tty in lads we hau* # 

2( r (-0) IS, 

2/ t- 12 is, 

or > 3 

A few quest inns and t)u*n solutions aie given to show the 
method bv wlneh m'ihc teqmied »-i unknown quantity, .<*, in 
obtained from an equ it i..n 

Ex . I The dtllereme of two iuiiuIkts is H If 11 tunes the less 
l>c subtracted fiom ti times the gi eater, the renunidei is 33. What 
are the numWrs? 

Let x denote the smaller numher. 

Then r f 14 will represent the greater numlxT 
Further, fir is 11 times i^e smaller nmnhei, and i 14) is 6 times 
the greater numlrer 

But when 9 times t he small* r is subtracted from 6 times the 
greater, the remainder is 33 

6(ri 1 4 1 It* 33, 
or Cu - 84 !lr 33 ; 

3r 33 84-- f»l , 

or j -- 17 i>* the smaller number, 

aud x‘ 14 31 is the greater number. 

Ex. 2. What number is that to which, if H Is* added, twice the 
stun will be 28 ? 

Let x denote the number. 

Then xf8 is the mnnler with 8 abided, and 2(x + 8) is twice 
the sum. 

But we are told that twice this sum is 28. 

Hence, 2(xt8)-28; 

* 2x+ 16 28. 

2r 12, 
x^=6. 


Transposing, 
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Ex. 3. JTbe age of the eldest of three children is equal to the 
*um of the age* of the other two, the ages of these two being in the 
ratio of two to three. In ten years the age of the eldeat will be five 
yearn more than half the sum of the ages of the other two. Find 
their present ages. 

Let 3vtr and 'lx lw the present ages of the two younger children. 

Then 5x is the present age of the ehlelt. 

In ten yearn the age of the eldest will be 5x4 10. 

3x t- 10, and 2 j* t- 10 the age* of the two younger children. 

Hut &r t 10 --- J {'lx 4- 3.r t 20) f 5 , 

5x f 10 I (5x ♦ 20) 4 5, 

•. ox or x 2. 

Hence the ag.j are 10, 6, and 4. 

Kx. 4. The diameters of two pullers arc as 2 to 3, and the sum 
of the diameters is 30 inches. Find the diameter of each. 

Let 2x and 3.r denote the diameters. 

Then lx 1 3x - 30, . x-6. 

Heuco the diameters arc* 12 inches and 18 inches. 


Ex. 5. A stone let fall from the top of a well is found to take 
3 seconds to roach the bottom , find the depth of the well. 

Here (see p. 84) a \ \ 32 “2 x 3 3 r 

=■ 10 U 1) 


- 1 14 9 feet. 

As tlm space described by thd tailing stone in 3 seconds is 144 9 
feet, this also denotes the depth of the well. 

Ex. 0. I tv what time will a stone fall through a distance of 
64 1 feet? 

Here 64 4 -J x 32 2 x ; 


. /- 2 . 

The time toquired will be 2 seconds. 


EXERCISES. XXIX. 

L Divide a tine, 15 inehos long, into two parts, such that one is 
three-fourths the other. 

2. A post is one-fourth its length in mud, one-third in the 
wrater, and 10 feet above the water ; what is its whole length ? 

3. A man can walk a certain distance in four hours. If be w^ere 

to increase his rate bv one-fifteenth he could walk one mile more in 
that time ; what is hu rate ? * 
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4^ If 10 bo added to a certain number, three-fifth* the aym it 00; 
find the number. 

5. Two nurnl>er* have a difference of 15, and a sum of 50 ; find 
the numbers. 

0 What uumUr is that to which if 20 be added the sum it 
equal to three times the required numl*r’ 

7. If 0 be added to a certain nuiid*er, twice the sum is 24 ; what 

is the numt>er ? * 

8. The differeme of two numltcrs is 6, but if 12 be added to 
4 times their sum the whole ih equal 40 00 : find the numlnTs. 

9. A rectangle is 0 feel long, if it were 2 feet wider its area 
would be 48 feet , find its width. 

10. A general aftei losing a little found that lie had only <| of hlH 
army fit for action, f, were wounded, ami tin* leinaiinler. 2000 men, 
were either killed or missing • of how many men did his army 
consist at first? 

11. A roll of cloth was I anight at 5s fid .1 \;ud, and another roll, 
25 yards longer, at 5s a yard : the two together cost £100. 15s. 
How many yards were tin re in each roll ? 

12. Di vide £1120 between A and //, so that for ivory half-crown 
which A receives B may receive a shilling 

13. The greater of two numbers is 7 times the less, ami their 
difference is 36. Find the uumliers. 

14. Divide £1000 between two persons ho that one may have £10 
more than half of what thVrthcr has 

15. Find the number so that, if 5 In* added to it, the sum is equal 
to half the excess of 1O0 over the number. 

16. Find a number such that, w hen diminished by 3, oue fourth the 
remainder may l»e greater by 2 than one-fifth the original number. 

17. Divide 279 into two parts such that one-third the first part is 
lees by 15 than one fifth of the second part. 

18. What is the price of an egg when a rise of 20 j»er cent, in the 
price would make a difference of 48 in ihe nun.Uu which could be 
nought for 30 shillings ? 

19. Find two numlicrs whose sum is 39 and whose difference 
equals a thin! part of the greater. 

20. A has £3 and ll has £2. 8s. How much shall A give li tliut 
B may then have three times as much as A ? 

. 2L Find two numbers such that their sum is 58, and that half of 
one exceeds one sixth of the other by 15 

22L A man's age is 40 years, and that of his son 9 years ; what 
will be the age of the father w hen he is twice as old as the son ? 

23. A person has a certain sum of money of which be spends |, 
and then 1 of the remainder ; if he has 5s. Id. left, how much had 
he at first ! 



92 


WORKSHOP MATHEMATICS. 


24. A (pan does twice as much work as his son. How long would 
they take to do a piece of woik together which would take the son 
alone t$o days ? 

25. Find the number of feet traversed in a seconds by a train 

travelling at a iinibum rate ol b miles jst houi. • 

26. Oivnlc 17 -4 int«) two j«uts, such that one quarter of the first 
added to one thud ot the second maket at Hi. 

27. Divide 1 2 oti mt«) two parts, one of which is times tho 
other. 

* 

28. A distance ot 1:121 feet h to be divided into two parts whose 
difference is 0 Jlio Icet What is tin* length ot each part ? 

29. Divide 20 into two putts, one of which divided by the other 
is :i ;>t). 

30. An engineer has ."><) woikmen to whom he pays £16 per day. 
Hi' pays tis. Kd each per day to some of them, and 6s. to the 
remainder. How many has lie at each lute? 

31. The ages ot a man and his wife , aided together amount to 
72‘36 yours ; lilteci vmis ago the man's age w'as 2*3 times that of 
his wile ; what aie tlieir ages now ? 

32. ('0 Find thteo consecutive even mimliets such that their sum 
is 60 

(b) Five years ago A was tour times as old as //. At the present 
time ho is tin eti turn.", as old What is .t s age now v [U.K.I.] 

33. Two locks and '.hr ee keys cost las 6d Thus' looks and two 
keys cost Ills. 6d. Kind the cost of one look and of one key. 

[N.U.T.J 

34. A slow tiain takes r hours and a fast tram (r- 1) hours to go 
from .1 to H. If then avei.ige speeds differ by (r+1) milea per 
hour, tind in tetma of r the distance from A to If. Find the value 

when r =7. [N.U.T.] 

35. Tho weekly vv ages for 32 men and 9 Inn s in a certain workshop 

is £73. 10s. One man and one ln>y together receive £2. 16s. What 
ia tho weekly wage n! eac h man and Isiy if all the men arc paid the 
annui wage and all the boy a receive the same asnouut ? [N.U.T.] 


Summary. 

Simple Equation*.— A statement of equality tatwoen two algebraic 
expressions is called an equation, and it is called a simple equation 
when it involves only the first power of the unknown quantity. 

In an equation the results are still isjual if corresponding opera- 
tions (addition, subtraction, multiplication, division, involution, and 
evolution) are performed on both sides of the equation. 
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Measurement. The moa-minncut • *f a quantity is known 
when we have obtained a n mill »«•! whn h in<li< a(rn its magnitude. 

It in neressaiy, therefore, t«» m*1«*«i -.mne d<1imt<* quantity of 
the same kind, as a unit, and then to pi 'm od t<» lind how many 
times the unit is contained m tin* quantity to In* measured. 
Hie utimlier of turn's that tin* unit is « outlined in the pi veil 
quantity is tin* numerie.il value of tin* quantity. 

Nearly all the quantities with whidi tin* man <>f science and 
the practical man are frth*d upon to deal me »on<«im*d either 
directly or indirectly with length, mass, oi time. 

Fundamental and Derived Units. The pt unary or funda- 
mental units are three in nuniU'r, namely (’tut of bmtih, unit 
of man*, unit of tun * • * 

All derived units are either multiples <>t sub lrmltipleM of 
these primary unit** 

Units of Length, In order that length nun W measured 
there must lie 1 h » th « unit and >t *Ui/vfnrtf The unit is a certain 
definite distance with whidi .all other distances ran 1 h* com- 
pared ; and a standard is a bar on which the unit is dearly, 
accurately, and permanently marked The two units most 
generally adopted are the yard and the metre. 

The British System. In this system the unit of hmgth is 
the yard. It may l>e defined as the distance between two lines 
on & particular bronze bar when the l«r is at a certain temper- 
ature (62* F.). The bar is deposited at the Standards Office of 
the Board of Trade. 
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« The importance of specifying the temperature at which the 
distance lietweon the two lines on the bar is the exact length 
will be evident when the alteration in the size of Indies due to 
a change of temperaturo is considered. # 

Sub- Multiples and Multiples of Yard. - The yard is for 
many purposes inconvenient, and smaller units, or as they are 
called nub-multi j>le» of the unit of length, are often used. To 
obtain these smaller units, t^e yard is divided, first into three 
equal parts each called a font. The foot is again divided into 
twelve equal parts called uu'h^\ an inch is further sub-divided 
into eight, ten, sixteen (or more) equal pa its 

Where fractional paits of a foot are required it is often 
convenient to express feet and the pails of a foot m a simpler 
form than as feet and inches This is done hy dividing the 
foot into ten equal parts; the fractional paits are then denoted 
by iV .V’tr, or *1, 2. etc , of a foot 

Multiples of the \anl are used when eoinjinratively long 
distances have to be expiesscd. Thus, 1 mile -- 1760 yards = 
5280 feet. The multiples and sub-multiples of the unit are 
given in the following table. 

It must be at once remarked that inSne British System there 
is no dimple relation connecting the unit of length with the 
units of area, volume, and mass. It is only by a long and 
troublesome process of multiplication and division— such as 
reducing Jeet or miles to inches, ounces t«> pounds, etc, -that 
we can proceed to find areas, volumes, etc. 


British Measures of Length. 


[The unit is divided by 3 and 30, etc.; also multiplied by 2, 
5$, 220, and 1760 J 


12 inches ~ 1 foot. 

3 feet » 1 yard (unit). 
2 yards *= 1 fathom. 

5$ yards = 1 rod, or pole. 


40 poles, or *220 yards-- 1 furlong 
8 furlongs | 

1760 yards j mile, 
or 5280 feet) 


The above table will serve to show how very inconvenient 
the British Unit and its suh-multiples and multiples are for 
most puhposes, since a cumbersome calculation is required to 
convert the oue into the other. 
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Fig., 6 shows one edge of a 12-inch steel scale or Htrajght edge. 
The first inch is represented divided into Id equal jiarts, and for 
the convenience of the person using the scale some of the linen 
are made longer than others. This enables a dimension to be 
refd off much more quickly ami accurately than would otherwise 
be the case. Thus, the cross- lino at r dividing an inch into two 
equal part* is seen to Ik* longer than any cross line Imtween a 
and c, or lietween r and l> In a similar maimer the, cross lines 
indicating the quarter inches ar# longer than those indicating 
the eighths, these in turn Ining longer than the sixteenths. As 
the number of divisions increase the lines naturally become 
more crowded together, until the distances between the divisions 
when an inch is divided into IJj equal jnuIs, «>r those indicating 
the sixty-fourths, become very minute. 



Flo fl.— Inehft* fllvbbtfi into 8 »n<t lft |»»rt» A lU-olmetrc divided 
into 10 centimetre* »uid 10) millimetre* (Hie iiicbc* and centimetre* 
are not drawn to a true *e*U*. but tbetr oot»j*iwtivt< dimetiMion* may be 

•een.) 

Th© French or Metric System, 'flic Metric -Ivy stem is 
extensively used for all seientifu, and in many eases for com- 
mercial purposes, and is in every way Wter and simpler tlian, 
the British method. 

In the metric Bystem the standard of length is the metre, 
defined originally tqbe the 10,000,000th part of the length of a 
north and south line, or meridian, stretching from the equator 
to one of the poles. The determination of this length was found 
to be slightly incorrect, and the metre, as in the case of the 
British standard yard, is best, defined as the distance at 0* C. 
between two marks on a particular platinum bar preserved at 
Faria, and known as the M&tre dea Archives, Copies of the 
accurate standard metre are to be found in several national 
repositories in Europe. 
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Multiples and Sub Multiples of Metre. —The metre is 

divided into 10 fujii.il part* railed decimetre * ; the decimetre is 
divided into 10 equal part* each railed a centimetre: hence a 
centimetre is one hundredth of a metre, and thus sub-multiple 
of the unit is the most, commonly used of the metric nieasifres 
of length. 

The rent unetie is divided into 10 equal parts each known as 
a in ill i metre. 

The inetie is equal in length to 3!)'37 im lies, and is thus 
slightly longer than our \.ud Its length is loughlv .’1 feet 
inches, which uuinbei can he easily remembered as it consists 
throughout of thiees 

The foot is ecjiial in length to 110 |s centimetres. 

Referring to t lie uppei p.ut of the stale m Fig 6, the division 
of adeeunetre into lo cent imeties (em ) is represented, but not 
to a true scale K.u h <eiitimetie is further subdivided into 10 
equal parts, cadi >1 which is a millimetre. 

It will he seen that a length of 10 cm is approximately equal 
to I inches A mote .n curate relation to remember is that a 
length of g.‘> t ccntimetics or gM millimetres is equal to tho 
length of 10 inches Thus, the distuj^r 1 fiom a to b may Ihi 
expressed as l inch, g al . cntimetres, or 2;V-1 mtllimetres. 'Hie 
sub-multiples and multiples of the metro are given in tho 
following table 

< Metric Measures of Length. 

10 millimetres ~. \ centimetre. 

10 Conti met i vs - 1 decimetre. 

10 decimeties --1 metre. 

10 metres - l Dek&metre. 

10 Dekametres or 100 metres 1 Hektometre. 

10 Hektoiueties or 1000 tnettvs ~ l Kilometre. 

Tho lirttin prefixes o’ i centi-, millt-, are always used for the 
tenth, hundredth, and thousandth parts of the unit; in a similar 
manner the Greek prefixes f)cln* % Hel'to and Kilo-, are used for 
the multiples of the unit. 

It is convenient to remember that, approximately, 2’5 cm. = l 
inch, aud S kilometres *-5 miles, for these numbers enable a 
measure to be readily converted from one system to the other. 
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For accurate calculations, the following relations between the 
two systems of measurement should l>e used. 

Conversion of British to Metric Measures of Length. 

- 1 inch 2'M centimetres. 

1 foot 3<>-4« centimetres. 

1 >anl • U !* 1 1 metre. 

I mile 10W 33 metres 


Metric to SHtish. 


1 millimetre 
1 centimetre 

1 metre 

1 Kilometre 


<>3l) inch 
394 inch 
1 39 37 1 inches 
| 3 JH feet 
l 1 W 1 \ aids 
0021 mile 


Abbreviations. The following ahhre\ latums are generally 
used, and should l>e carefully i emends red . this may he easily 
effected by taking the precaution to us** the abbrenations on all 
possible occasions. 


length 

ill. is used to 

foiote lie h or inches 

ft. 

feet 

drill. 

.. donmctre o] dccimeties. 

cm. 

n ntimetie m o ntimetn s. 

mm. 

millimetre or millimetre. 

gm. 

gram or grams 


Feet and inches are also indicated by the uses of dashes, ' and ", 
at the top and right-hand side of a figure. 

Thus, a dimension of 2 feet ami 1 inches may be written as 
2 ft. 4 in., or S' 4". • 

This method, though widely adopted m practnal work, may 
(unless care is exercised) sometimes, however, Is; confusing, for 
the signs ' and " are also used to designate certain angular 
measurements ; they are also used to designate primes and 
seconds in duodecimals. 

Measurement Of Length.— By means of a rule or scale, as in 
Fig. 6, any direct measurement can be roughly estimated. 

W.M. I. o 
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To enable a dimension to bo made with a higher degree of 
accuracy, other and more accurate instruments are required. 
a B These aje known ks calipers, screw- 



Pio 7 limido and oubddo 
(.klipcr* 


gauges, verniers, etc. It is only pos- 
sible in these pages to refer to a few 
instruments in common use, and it 'is 
far better to see and use these than to 
read about them. 

c Calipers. In many cases it is diffi- 
cult, if not impossible, to determine a 
dimension by direct measurement, 
therefore calqiers, a screw-gauge, or 
other form of instrument must lie 
used for the purpose. 

Tims, in measuring the diameter of 
a sphere or a cylinder, it will Is* obvious 


that a scale, like that in Fig. (J, cannot he used for the purpose. 


Two common forms of calipeis m general use are known as 



Flo. Caliper* o*k) Flo. 9 . -OuUid© Caliper* employed to 

to determine the width, or dia- find the diameter of a iphere or cylinder, 
meter, of a cavity. 
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and out nth ratipm. The former in shown at d,*nd the 
latter at B in Fig. 7. It wifi probably lie obvious that both the 
forma shown ma} Ini used advantageously for many purposes 
where a »traight wale would lie altogether unsuitable? One 
such caw in shown in Fig 8, in which a |*a»r of inside calipers is 
used to ascertain the width, or diameter, of a cavity Similarly 
in Fig 9 a jKiir of outside ealijHTS is used to determine the 



Flo. 10.— Calipers npplkd to a scale an<i diameter fom.d to \» } loch. 


diameter of a sphere, or cylinder. When the requisite dimen- 
sion is obtained, it* magnitude in each case can lx*" ascertained 
by applying the calipers to a wale, Fig. 10, and noticing the 
length on the scale included lietween the two edges of the 
calipers which touched the object measured. 

A more accurate method is, however, furnished by what is 
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ml led a scrmo-ffaiuje. Then© instruments are made in several 
forms, hut that in common use is shown in Pig. 11. The 
instrument consists of a fixed frame t\ terminating in two 
limbs .1 and B. Through one limb B a 
fixed screw I* jiasses, and through the flther, 
A, a movable screw A', which is actuated by 
a spindle terminating in a milled head If. 
Thus, the rotation of If in a forward or back- 
ward direction causes the end to approach, 
or to recede, from the fixed end P. It also 
causes the sleeve /*»', to which II is fastened, 
to rotate and also to slide along the fixed 
part carrying a scale. When the ends 
and P an* in contact, the scale on V is 
covered, and the graduated rim, »V a is at zero. 
Hy lotation of //, (f is made to recede from 
/’, and the distance between the ends, and 
therefore the diameter, 
or length, of any ob- 
ject which will just 
pass between them is 
given by the reading 
on the scale on C y 
together with that on 
the giaduated edge 
In this manner, read- 
ings can readily l>e ob- 
tained to within 
inch or of a milli- 
metre. 

Wire Gauge. —To 

indicate easily the dia- 
meter of a wire, or the 
thickness of a thin 
plate, is a rather 
troublesome operation 



Flo. 11.-— Screw Gnuire. 


to a practical man. Thus, wire ^ in. diameter is expressed ded- 
mally *0fi2r> in. To avoid the inconvenience of dealing with three 
or more decimal places, wires are made of standard sizes, and each 
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him is designated by a [wrticiilar number, To find the size of a 




Flu 12 — Kertangulur Wire Gauge 


wire, or its standard mnnl m j, what is known as a wire-gauge is 
used. 'Hus usually <*'*n 
sinta either of a thin i**rt- 
angular steel plate (Fig 
12' or a thin circular steel 
plate (Fig. 13) In each 
caw, to the ojientngs 
which occur all round 
the edge, minds-rs aie 
given, and these numbers 
indicate the dimensions 
of wires which just tit the 
openings The dimen- 
sions corresponding to 
these numbers are regis- 
tered in a table. 

Flo 13 -Circular Wlro Gallic 



EXERCISES. XXX. 

Find approximately the number of metres in 
1. 1 in., 1 ft , I yd., 1 pole 2. I eh , 1 fur., 1 mile. 

3. Find the number of jsiles and chains in 56 32* >2 metre*. 

4. 8how that 32 metre* are approximately c*jual to 36 yards. 

5. Reduce 8 metres, 7 decimetre*, 5 centimetres, to yards, feet, 
and inches. 

& Express 3 mile* 7 furlong* 1*2 poles in metre*. 

7. A yard being *9144 of a metre, find the number ot metres in 
H miles. 
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8, The metre is approximately the ten-millionth part of the 
distance from the pole to the equator. Taking the earth’s circum- 
ference as 24855 "2 miles, find the length of the metre. 

9. (Obtain the number of kilometres in 100 miles. 

10. H a franc is equal to 9 - 38 pence, what is the cost in English 
money of a yard of silk worth francs a metre. 

11. How many steps would a man take in walking 2$ kilometres, 
each step being 2 feet 8 inches long, and a metre 3 feet 3'37 inches? 

12. Obtain (i) the mirnbei\ of feet, and number of metres in 
'5N 1 259 of a milo ; (n) numtar of miles, yards and feet in 10,000 
metres 

13. A ve.sel steams 16 knots. How many metres per second is 
this ’equivalent to’ 1 knot--- I 15 miles per hour. 


Summary. 

Measurement. A convenient unit is selected, and the number of 
times the unit is contained m the quantity to l>c measured is the 
numerical value of the quantity. 

The three quantities to be measured are Length, Mass, and Time. 

Primary or fundamental units are comprised ii. the unit of length; 
the unit of mass ; and the unit of time. 

The derived units are multiples, or sub-mu/tijtlei of the fundamental 
units. * 

The yard and the metre arc the two fundamental units of length. 

In the British System, the unit of * length , the yard, is the distance, 
between two marks on a certain bronze bar when the bar is at a 
•temperature of 62° F. The l>ar is deposited in the Standards 
Office. ^ 

The derived units are obtained by dividing the yard into three 
equal parts, each 1 foot, which is again subdivided into 12 equal 
parts, called inches; those are again divided into 8, 10, 12, 16, or 
more eoual parts. 

Multiples of the unit aro 1 mile- 1760 yards, or 5280 feet; 
5J yards - 1 rod ; ami 220 yards - 1 furlong. 

In the French or Metric 8ystam the utib of length is the Metre, 
and is the distance between two mirks on a platinum bar when the 
temperature of the bar i* 0°C. 

The deriivd units are obtained by dividing the metre into 10 equal 
parts each called a decimetre ; this is further subdivided into 10 
equal parts or centimetres, and again into 10, giving millimetres. * 

Measurement of Length.— Instruments used in measurements of 
leugth are Calipers , Screw-gauges, etc. 



rilAPTKK XI 


PLANK AN'l.KS ANGULAR M KASl’RKMKNT. 

A plane angle is tin* inclination of t\*<* lwu*h huh meet each 
other hut are not in the *%ume straight line. Thun, if a line AO 
meet a line Wat t/(Kig I t), 
the amount of opening Iw- 
tween the lines CO, 0,1 m 
called the angle .lot'. If 
only one angle is foimed at 
0, the angle may be written 
as the angle 0 ; but if several 
angles come together at the 
same point, the middle letter 
indicates the vertex of the 
angle referred to 

It must be very eatefully 
observed that the amjU w mdfjtcndmt of M«* length of thr line* 
hmnmtj Me *nie* or f&jit of the antjl e. Thus, the angle 0 may be 
accurately described either as the angle .lOf, or MOX. 

Angular Measurement. In angular measurement, as in 
linear measure, a suitable urut of measurement is selected, and 
the number of times that any given angle contains the unit is 
the numerical measure of that angle. 

The two units in general use are the degree and the raditlL 
The degree is obtained by drawing a circle of any convenient 
radius, and dividing its circumference into 300 equal parte. If 
two consecutive divisions be joined to the centre, the two lines 
s»* drawn contain a length of arc equal to a J 0 th part of the 


E 


D 



o nr c 

Fin 14 i'btnc angle*. 
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circumference of the circle, and the angle between them is 
known as an angle of one degree. If, in the* circle, two radii 
are dr^wn perpendicular to each other, they enclose a quarter 
of the circle, and hence a right angle consists of DO degree, 
written D0\ Each degree is divided into 60 equal parts, or 
minutes ; and each minute is again subdivided into 60 equal 
parts called seconds. 

Abbreviations aie used /or these denominations. Thus, 
52° 14’ 20' f> denotes f>2 deglees 1 1 minutes 20 5 seconds. 

T1»e magnitude <»f an angle m degrees, minutes and seconds 
may be indicated as shown in the angle CO A (Fig. 14), or Creek 
letters may l>e used for the same purpose. Thus, the angle CO A 
may lie designated by 0 , the angle AO!) by </>, and the angle 
DOE by «. 

Radian. The remaining unit, the radially may be obtained 
by drawing as before a eirele of any convenient radius, and 
marking off a portion of the circumference equal in length to 
the radius. If straight lines be drawn from the extremities of 
this arc to the centre of the circle, they will enclose an angle of 
one radian , or 57‘2Df>8 degrees, approximately 57°'3. 

Representation and Measurement of Angles.— As the 
length of the lines forming the two sides of an angle have no 
connection with the magnitude of the angle, the actual size 
is best expressed by the frac- 
tion of a cirelo which the 
angle in question subtends 
at its centre. This is done 
in the following manner. 

With centre 0 and any 
convenient radius, describe a 
circle C'BDE , as shown in 
Fig. 15. 

If we suppose a small 
pointer (such as the minute 
hand of a clock or watch) 
free to move about the centre 
0, made to coincide with OC 
and afterwards made to move 
from C towards B to a position d, through an arc CA one-aixth 



E 

Fm. lS.—Mi'aMuremout of anglo* 
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of the circumference, then the angle CO A is a sixth parfof 360’, 
or is an anglo of 60 degrees, written as 60°. In a similar manner, 
if it moves to B it will trace out an angle of 90 degrees. % 

V^hcn it moves to a position A' it is evident that the angle 
traced out is greater than a right angle. 

All angles greater than a Tight angle are called ohtuee angles. 
Consequently, the angle CO A' is an obtuse angle 

Angles less than 90', or less tlgui a right angle, are acute. 
'Hie angle COA is an mute angle. Prom the foregoing con- 
siderations it will 1 m* seen that an angle in measured by the 
number of cUatjreen in the arc of the circle , having the vertex of the 
angle a* its centre , intercepted by (he ( t ro linen forming the angle. 

Comparison of the Magnitudes of Angles. -A comparison 
of the magnitudes of two angles d/fC'and BFF (Fig 16) may bo 



Flo lfl - C'»mpan*on of tin u.aKiiltu'lui of two au^Ik* 

* 

made by placing the angle OFF on the angle MU \ so that the 
point F exactly falls upon the point //, and the line l>F along 
the line All. Then, if the line FF falls on the line BC the 
angles are said to be equal The angle OFF is less than the 
angle ABC if FF falls within 1U \ as shown by the dotted line 
BC. It is larger if it falls outside U<\ 

This method of truperponUon is readily performed in the 
following way: l>raw from mitres B and K two equal ares AC 
and l)F, so that BE and FF in the one ease are equal to AB 
and BC , respectively, in the other. If th«* point A Is* joined to 
the point C, and /> to F y then, if AC is equal to BF y the 
angles ABC and BFF are obviously equal. <>r, using a 
piece of tracing paper, make a tracing of BFF, and by placing 
the tracing on ABC , the comparison is readily made. 
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To set out a given angle. —By means of what is called a 
f>0* set square shown at (i) (Fig. 17), angles of ,60’, 30’, 90° and 
120 eag l>e set out. Also by means of the 45° set square shown 
at Fig. 17 (ii), angles of 4.V, 90°, and 135° can be marked 
Other angles, viz. 1;> , and 75° win also be obtained by 
using these set squares and a pair <*f compasses. 



Flo. 17 (i) - A 00 * Net Hijuare Flo 17 (ti). -A 1.V »ot sq.iaro. 

To set out an angle of 15*. 'Make an angle ABC (Fig. 18) 
equal to 30 J with the set square (i). Bisect the angle ABC by 
a line til), then A til) and DtiC are each 15°. To bisect the 
angle ABC we proceed as follows : -With ti as centre, and any 

V 




convenient radius BA , describe an arc A C With A as centre, 
and any radius, describe an arc ; and from C, using the same 
radius, describe auother arc cutting the former in point D. 
Join I) to B , then Bl) bisects the angle ABC, and therefore 
makes an angle of 15* with AB. 



USE OF PROTRACTOR. 


An Angle Of 22i° in obtainwt in a similar manner* Make 
an angle ARC (Ijig. 1U) equal to 4.V with the set square (ii). 
Bisect the angle ARC by the # 

line HI) as descriltod above ; \ 

then the angle AIM ) is equal v / 

to ‘224°. - V' k,y h. 

An angle of 75. To obtain \ t 
an angle of 7.V it is only neie.s- • \ / / 
wiry to use the two h* t squares \\/Xc+r • I 

Tims the angle ARC is made L 

equal to if/ bv using set mi uare . P . . \ 

1 * ^ 1 Mo 10 — Tu not out an «ng)« of 22} . 

(ii), next adding to this the 

angle 30* by means of s. t wju.ite (i) The angle ARK 75®. 

If the G0° angle of set squat e (i) be added to the angle ABC 
(Fig. 10) the angle obtained will b» 10.V 
Use of Protractor. Angles which are not conveniently ob- 
tained by construction are set out by means of a protractor. 
Two forms of such protra< tors ate shown in Fig. 20. The first 


Mo 10 — Im net out ■ 




7io. 20 —Two form* of protractor*. 

consists of a thin flat rule or .vale made of boxwood, ivory, or 
other material, along the edge of which angles are marked. 
These marks are obtained from the corresponding division on 
a semicircle as shown in the illustration. 
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Ex. I. * Sot out hy a protractor au angle of 60°. 

At the point P(Eig. *21) we place the mark * of $*ig. 20 coincident 
with P, and the edge of the protractor BG with the line PM. 



Make a mark opposite the division indicating 50° on the protractor. 
Removo the protractor and join the mark to P. An angle MPN 
containing 50° will have been made with the given line PM. 

How to Use a Protractor to Measure an Angle.— In a 

similar manner, when usod to measure** given angle, the edge 
BC of the protractor is placed coincident with one of the lines 
forming the angle. The mark * on the protractor is made to 
coincide with the vertex of the angle, and the point where the 
other liiK crosses the divisions on the scale is noted; this shows, 
in degrees, the anglo required. 

Scale of Chords. —At the lower part of a protractor there is 
nearly always a scale, as shown in Fig. 20, marked “CHORDS.” 
It is known as a scale of chords, and this scale can be used to 
set out an angle. To do this proceed as follows Set a 
pair of dividers to the space between 0® and 60* on the scale 
of chords, and, with this distance as radius and P as centre, 
describe an arc of a circle large enough to contain the 
required angle. Again apply the dividers to scale of chords and 
measure a spice equal to the numl*er of degrees required. Then, 
with M as centre and the length so obtained as radius, cut the 
arc UN at .V. Join .V to P. Then MPN is the angle required 
(Fig. 21). 
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Similarly to measure any given angle ABC (Yir. 22) l>y means 
of a scale of chords, lining the compasses, obtain a distance 0° 
to GO 6 , and with*this distance an radius make an arc DK. 

Place one point of the compasses on D and the other cofeciding 



Flo Ti —To mwwure the majjnltmle of an anj{le 

with h\ Apply the measurement to the m;« 1« of chorda. 
The reading will gi\*' t^j* magnitude of the angle MU 

Unit of Time. The sun uppers upui the eastern horizon 
every morning; it n*cs higher and highei in the sky, and 
reaches its highest punt at noon, when it is seen exactly in a 
south direction, and therefore shadows thiown by it Jjp north 
and south. 'Hie inter \al of time In-tween the instant at which 
the sun is due south one, day and that at winch it is due south 
again the next day is a tolar day On account of certain causes 
which it is not within the province of this lxx.k to consider, 
this interval varies throughout the year. By adding together 
the lengths of all the solar <lays in a year, and dividing by 
36. r >, an average length of day is obtained. This is called a 
mean tolar day. The unit of time used for all scientific purposes 
is the 8(5,400th part of the mean solar day, and is a mwin tolar 
tecond. Engineers and other practical men use the minute as 
the unit of time, so that their usual unit is the 1440th of a mean 
solar day. 

Clocks and watches keep mean solar time, but sun-dials keep 
sun time, or apparent tolar time , which is sometimes fast and at 
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ot)»er times of the your slow in comparison with mean time. 
Uto difference may amount to about fifteen minutes either way. 

< 

• Summary. 


Plane Angle. —A piano angle 
meet each other hut are not in 
Angular Measurement. The 
are the dfijrer and the rat linn. 


is the inclination of two line* tfnich 
the same straight line. 

* two units of angular measurement 


F tU Y- * >0 ^'ided into 3f>0 equal parts, and any 

i» an o nl'gZ m ' ** i ° in< '' 1 ‘° t '"‘ " min - tl,,: a "« l0 cncloscl1 


Rauian. Tho radian is the angle at the 
tended hy an arc equal to the radius. 

approximately. 


centre of a circle suh- 
I radian = 57 *3 degrees 


Unit of time. The unit of 
work, is one wennd, which is 
Tho lnrgcr unit, one minute, is 
in tho estimation of |x>wer. 


time, in variably used in scientific 
the 86,4fH)th of a mean solar day. 
often used by engineers and others 
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MEASUREMENT OF AREA HRITJSH AND METRIC 
UNITS OF AREA. 

Definitions of some Common Plane Figures. A triangle 

is a plan** figure bounded b\ three straight lines Any one of 
its three angular points .1, B , or f (Fig 2.’i) may Ik* looked upon 
a-H the vertex ; the opposite hhU* ih tlien called Uk- base of the 
triangle. Tlie altitude of a triangle ih the perpendicular 
distance of the vertex from the Imm*. 




Fio. 2S — A Trtaneto. Flo 24 — A Ri#ht united triangle 

• 

Equilateral Triangle. —When the tbrf** side* of a triangle 
are equal, the triangle ih an equilateral triangle ; aluo the .ingles 
of the triangle are equal, each being 60“ . 

Isosceles Triangle.— When two Hides of a triangle are equal, 
the triangle is an isosceles triangle. 

A right-angled triangle (Fig. 24 ) is a triangle one angle (C ) of 
which is a right angle ; the side (A B) opposite the right angle is 
called the hypotenuse. 
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Ffo 26 —A Par»ll< lo^r.un 


Plu 'iC. — A KucUokIc 


Pio. 17 — A Hqiiiri 



Flo. 30. - A Quadrilateral 


A parallelogram is a four-sided 
figure, the opposite ^ides of which are 
pantile). 

A rectangle ia a parallcdogram,hav- 
ing each of its angles a right angle, 
or, m otlier words, each side is not 
only equal in length to the opposite 
si^e, hut is also perpendicular to the 
two adjacent sides. 

A square is a parallelogram which 
has all its sides equal, and all its angles 
i ight angles. 

A rhombus is a parallelogram hav- 
ing all its sides equal, hut its angles 
are not right, angles. 


A trapezium is a four-sided figure 
whieh has tvo of its sides parallel. 


A quadrilateral is any figure what- 
ever, enclosed by four straight lines. 


. The altitude of a parallelogram is the perpendicular distance 
between one of the sides assumed as base and the opposite side. 

Measurement of Area.— Most readers of this book will prob- 
ably already know the difference between lengths and areas. 
But to make quite certain we will take a few simple examples. 

Provided with a rule, it would be easy to measure the length 
of the room and its breadth or width. Now, if we were going to 
have a carpet put dowp, we should give the upholsterer the 
order, and he would pay us a visit to measure the floor. You 



UNIT OF AREA. 
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• 

know very woU it would not U* enough for him to manure the 
length of the room only, or it* width only, bec-aiiao lx»th of these 
are measures of length. 'IV* know how much earjx-t he wants, 
the workman must find out the amount of surf aw the fleor has, 
or yluit. ia called its area, To do this he measures Isith the 
length and width of the Moot, and when he multjplicfl them 
together he gets the area,* if the room is a square or rect- 
angular one. If he measures the length and width in feet, 
then by multiplying them together he gets the ana of the floor 
in square feet ; if the measurement of the length *und width 
were taken in inches, the aiea in square inches would l»o 
obtained by multiply ing them together. 

Whenever ,11 , in* iiieasure«l in this count i\ , square inches, 
square feet, square nulls, or some other unit from square 
measure is emplovcd “Squaic measure"’ is obtained from 
‘ long mcastue *’ b\ multiplication. 

Unit of Area. .Measurement of area, <u square measure, is 



Pia SI.— 1 square yard equals « square feet, or 9 x 144 square Inches. 

then derived from and calculated by means of Moaauree of 

w.m. i. u 
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length* Thus the unit of area is the area of a square, the aide 
or edge of which is the unit length. 

Area of a Square Yard, or Unit Area.— Tf the unit length 
1m; a jard proceed as follows : Make AH equal to 3 feet, as in 
Fig. 31, and upon AH construct a square. Divide A B and HC 
each into 3 equal parts, and draw lines parallel to AH and 
H(\ as in the figure. The unit area is thuH seen to consist of 
9 smaller squares, every side of which represents a foot ; thus 
the unit area, the square 'yard, contains 9 square feet. 'Die 
smaller measures of length, the foot and the inch, are much 
more generally used than the yard. If the unit of length AE 
(Fig. 31) Im; 1 foot , the unit of area AEF is 1 square foot. 
In a similar manner, when the unit of length is 1 inch, the 
unit of area is 1 square inch. If the unit of length be 1 ceuti- 
metre, the unit of area is 1 square centimetre (Fig. 32). 

If the side of the square on AE (Fig. 31) represent, on some 



Flo. 82.— Square inch and square 
centimetre. 


convenient scale, 1 foot, then 
by dividing .1 E and A F each 
into 12 equal parts, the distance 
between consecutive divisions 
wouljJ denote an inch. If 
through these points lines be 
drawn parallel to dA T and AF 
respectively, it will be found 
that there are 1 2 row’s of 
squares parallel to AE, and 12 
squares in each of these 12 


lows, lienee the area of a square foot represents 144 square 
inches. 


British Measures of Area or Surface. 

[ Unit area =* 1 square yard. Larger and smaller units obtained 
by multiplying by 4840 and dividing by 9, 27, 1296 and 3888.] 
144 square inches — 1 square foot. 

1296 square inches or 9 sq. ft. - 1 square yard. 

4840 square yards ~ 1 acre. 

640 acres — 1 square mile. 

When comparatively large areas, such as the areas of fields, 
have to be estimated, the measurements of length, or linear 
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measurement#, an; made bv lining a chain (known arfGunter'ft * 
Chain) 22 yard* long. Such a chain in subdivided into 100 
links. The square measurements. «>r area*. arc estimated l>y 
the square chant, or*4B4 (22x22) square yards in area. Or the 
afta of a square, the length of one side of which is 22 yards, in 
lOOx 100 10000 sq. links^ for each < hum consist* of 100 links. 

Hence we have the re) it ion 

1 chain 22 y.uds 100 links. 

1 square chain 4*1 square yards-' lOOoO sq links. 

16 square chains 1* in squat o turds » 1 aciv. 

144 square m< hes (sq m ) *1 square foot (sq foot) 

9 squat e feet I square >ard (sq. vd ) 

30j square vaids 1 square perch, rod, or pole (sq. pn.) 

40 square jsiles 1 rood (r.). 

4 r< >ods 1 a< r»* (a<.) = 4B40 squ,i;e yards. 

640 litres 1 square mile (sq. in.). 

Metric Measures of Area.- As the metm unit of length is 
the metre, the unit of area (Fig. 33) is a square A HUE, having 



a u 


Flo. 33. — Representing % square m^tro divided into 10 m\ dedcnctroe. 

Scale j l c 

the length of its edge equal to 1 metre, and its area consequently 
equal to 1 square merits. 
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If d /fluid flH are each divided into 10 equal parts and lines 
drawn parallel to All and III), as shown, the unit area is divided 
inti) 100 equal squares, each of which is a square decimetre. 

In sc?entitie work the centimetre m the unit of length usually 
selected, and the unit of area is then one square Centimdlre 
(Fig. 32). 

Metric Measures of Area. 

100 square millimetres 1 square centimetre. 

10000 „ „ * - 100 sq cm.-- 1 sq. decim. 

100 „ decimetres 1 square metre. 


Conversion Table. 


British to Metric. 

1 sq. in. O' 151 sq cm 

1 sq. ft 0*20 sq cm. 

1 sq. yard - 8301*13 sq. cm, 

1 acre in 10 7 sq. metres 
1 sq. mile 2*59 sq. km. 

2*50 X 10 l0 sq. cm. 


Metric to British. 

1 sq cm. 0 155 sq. m. 

1 sq. ni 10 704 H( j ft. 

1 sq. in - 1100 sq. yard. 

I sq. km. - 0'3861 sq. mile. 


EXERCISES. XXXI. 

1. Find the number of square metres infi) 10 sq ft., (n) 10 sq. yds. 

2. Find the number of square, metres in a quarter of an acre. 

3. Find the number of square metres m 1000 square yards. 

4. Express 2 sq. ft. 25 in. as the deennal of a square metre. 

5. Halloo 1000 sq. in. to square metres. 

6. Find the mindier of square miles in 25898945 sq. metres. 

7. How many square inches are there in 5 *e. 3 r. 35 p. 4 sq. ft. 
101 sq in.? 

8- Find which is greater, 10 sq. metres or 12 so yds., and express 
the difference between these areas as a decimal of a square metre. 

Summary. 

Measurement of area, is obtainod directly from the measurement 
of length. 

Hie unit of area is the area of a square upon a line of uuit 
length. As the unit of length in the British system is the yatd, 
the British unit of arta is the square yard. The smaller units 
—the square foot and the « 7 wire inch— are, however, much more 
convenient, and are generally used. 

The Metric unit of area w (he square metre. The square centi- 
metre, or the area of a square having each side 1 centimetre long, 
it generally used. 
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AREAS OF PLANK FIGURES. MENSURATION OF RE(TT* 
ANGLE AM) PARALLELOGRAM. PERIMETER. 

Areas of Plane Figures. When t h«* mimls'is of units of 
length in two linos at right angles t>» r«,uh other are multiplied 
together, the produ< t olitauied is said to In- a quantity of two 
dimensions, and h referred t<* ;uj so many square inches, square 
feet, square centimetre*, ct< . dejwriding iqion the units in 
which the measures ..f the lengths are taken 'Hie result of tlie 
multiplication give** wflat i* iallod an area. Or, briefly, the 
area of a surface m the numU*r of square units (square inches, 
etc.) contained in the surfaie 

It is obvious that although m|u,iii' inches or units of area are 
derived from, and tabulated bv mean* of, lineal measi/fe, those 
quantities only which arc of the Mine dimensions ran Is* added, 
subtracted, or equated t<» ea« h other Thus, we cannot add or 
subtract a line and an area Results obtained in such cases 
would lie meaningless. 

It must Iks observed, too, that the two lengths multiplied 
together to obtain fhe area arc perftrmia'ular to each other. 
This applies to the calculation of all areas. 

Addition and Subtraction of Areas. To add or subtract 
graphically the areas of two squares, the sides of which are AB 
and C7)(Fig. 34), i.e. to find the side of a square having an area 
equal to the sum or difference of the areas of the two given 
squares, we proceed in the following way. 

1. To And the Sum of two Squares. - Draw two lines at 
right angles to one another, as BD and BA (Fig. 34). Make 
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B C 
D 


D 


lib (h | uni *in length to CD, and HA equal in length to the side 
of the second larger square. 

Join AD. 

Then the square constructed 
on AD will have an area equal 
to thfe sum of the areas of the 
squares constructed on AB and 
CIA 

[ThiH is an application of a 
proposition in Euclid (Book I., 
Prop. 47) which states that The 
square on the side of a right- 
angled triangle opposite to the 
right angle is equal to the sum 
of the squares on the other two 
sides . 

[fP+BfP. 

•Saw+iio 1 .] 


B 

Fin. 34.— Addition ami subtraction 
of ureas 


Or 


AD---. 
. 1 D 


ijx. i . 
Then 


Let A B ~ 4 and /?/) = 3. 

AD=\'l6 + 9=v/25=5. 


2. To £nd the Difference between two Squares.— Let AB 

and CD (Fig. 34) l>o the sides of two given squares. To find 
the »ido%of a square, the area of which will be equal to the 
difference of the areas of the two squares. 

Draw two lines at right angles to one another, as AB and BD, 
making BD equal in length to CD, the side of the smaller square. 

With D as centre, aud a radius DA equal to AB, the side of 
the larger square, describe an arc of a circle. 

Let A Ik' the point of intersection of the arc with the hori- 
zontal line BA. 

Then BA is the length of tho side of the square required. 

Ex. *2. Let AB-\0 cm. and DC~S cm. 

As before draw two lines at right angles making BD equal to 
8 cm. With D as centre, radius 10 cm., describe an arc of a circle 
cutting AB at A. 

Then AB is the length required. 

= -8‘ J - 
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Area of a Rectangle. - Th? number of unit * of area in a 
rectangular figure %* found by multiplying together the number t of 
unit* o f length tn tieo adjacent tides. 9 

'P'uk, if AB and BC (Fig. 35) arc two adjacent aides of a rect- 
angle ; the area of the figure in the product of the niftnlier of 
unit* of length in A If hy tin*' numW of unite of length in BC. 

The numt>er of unit* in the lowest line of the figure AB is 
usually called the fowe, or length ;#and the units in lino BC , 
perpendicular to this, the altitude, or breadth. 

Hen* e area • - base x altitude , 

or length x breadth ah. 

When the adjacent sides are espial m length the figure liecomea 
a square, and as b is now equal to a, the area of <i square** a*. 


1 ) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


A B 


Fio 35 -An** of ft rectangle 


Ex. 1. If the base A B and height BC are t> and 2 units oWcngth 
respectively, the area of the rectangle is 12 square unit*. If A B he 
divided into 6 equal part* and BC into 2, then by drawing line* 
through the point* of division parallel to AB and BC, the rectangle 
is divided into 12 equal squares (Fig. 35). 

The area is obtained in a similar manner when the two given 
numbers denoting tha lengths of the sides are not whole 
numbers. 

Ex. Obtain the area of a rectangle when the two adjacent sides 
are 5 ft. 9 in. and 2 ft. 6 in. in length respectively. 

We may either reduce to inches before multiplying : 

Thus, 5 ft 9 in. =69 inches ; 

and, 2 ft. 6 in. =90 inches. 

.'. area of rectangle =69 x 30 square inch** » 

=2070 square inches - 14 375 square feet. 
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Or, instead of first mincing the feet to inches and afterwards 
multiplying, we may pi weed as follows : * 

• ft 0 in .>4 feet and 2 ft, 6 in. =2-} feet. 

. area of icdangle .'>4 v 2.1 square feet * 

- ~i ' 5 squire feet - I4|| square feet. 

It is an easy matter to vetifv the latter example as shown in 
Fig. 30, where AH -of ft. aid /{('-' 2 k ft. 



The area of the rectangle A EH 10 square feet. 

Area of the rectangle EBM 2(1 x f)- - ll square feet, 
tile rectangle DFd f»(l xi)-2* 

,, rectangle F( 'M ^ x k ~ j(. 

Hence the whole area of rectangle A BCD 

10+U + 2i + 3 squaie feet 
1 ll| square feet. 

AreiTof a Parallelogram. — The rectangle is a particular case 
of the parallelogram, and 

area of parallelogram base. x altitude. 


FD_ 


This may also l»c shown as follows . i 

Ia*t. A BCD (Fig. 37) be the given 
E C parallelogram. 

~ perpendicular to 

and CD pro- 
rectanglo A BEE 
is equal in area to the parallelogram 
A BCD. 

Hence, area of parallelogram 
Uise X altitude — ah ; 


B 

Fu». 87. -Arc* of. * 
parallelogram. 


F ]>raw AF and BE perp 
.!/*, and meeting CD at A’, 1 
dueod at F, then the recta 

is oomi.1 in area to the n 


or, the distant betlreen a pair of jural lei sides multiplied by ones 
of them. 
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If the areas shown in Fig 37 W drawn on a sheet M paper, 
then by eutting^uit the right-angled triangle H(’h\ inverting 
and fitting it to the other end m the wav th«- figure makes dear, 
the jiarallelngram is converted into a rectangle. 

When a nundier of rectangular pieces of imlllxard, card- 
Umrd, or thin wood (a jack of cards may l»> <onvcniently used), 
lie each directly upon one another the side edges form a 
rectangle, the area of which is equal to .1 H x H(\ units of 
area, as shown hv the re< tangle MU'l) (Fig 3 M ) 

D , c 0 

A B D 

t in 3s App.irnt>i*i te .how that win n the h,*sca Aid of & rectangle 

aid a p,imllok>gmiu m« tin* mm , the ait.ta are c<|<iaL 

When these pieces are made to slide over each other, a paral- 
lelogram DEFH (Ftg. 3*) is fonne.l by the .id<* edges, and it is 
obvious that the area* is unalteml b\ merely changing the 
position of the pieces, since the base and height remain 
unaltered. 

Ex. 1 If the length of the Isise AH is 4 ft , and the altitude 
II ft. in length, find the area. # 

A rca - 4 * I*, fi sq ft 

Ex. 2. Find the aiwi of a 
rectangular board of length 12*, 
ft. and width 1 ft 0 in. 

Area — 12*5 * la^lS’Ta wj. ft 
Perimeter. —The t**rm /*rt- 
nut*r of a fyur* is usixl to 
denote the sum of the lengths 
of all its sides. Thus, the 
perimeter of a rectangle ,1 HCD 
(Pig. 39) is the sum of the 
lengths of its four sides, AH, 

BC, CD, and DA ; but, as the two opposite sides of a rectangle 
are equal to each other in length, the perimeter is evidently 



Fin. W.— Perimeter of a rectangle 
Is 2 {«+*> 
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twiw tin* length of one side, together with twice the length of 
an adjacent aide ; or, 

perimeter -= 2(a + b) where a and h denote the lengths of 
adjacent aides. 

I he papering, painting , or ilistemjyering of the walla of a room 
is usually estimated at the rate of ho much per square foot, or 
|M>r squaro yard. • 

Hence, the cost of the work is obtained by multiplying the 
length and breadth together to obtain the area, and finally 
multiplying by the unit of cost. The four walls of a room may 



Hu». 40. 


1* whown as at' AH, H(\ CD, ami DK (Kir. 40 ), where « repre- 
aonts the length of one wall and b its ttreadth, or, height, and 
c l> tlu> °ones; sending dimensions of an adjacent wall. In 
many cases the opposite walls are equal in area, and then the 
area of the four walls is 2{ab+eb), or 2/>(c/-f c). 

The antas of windows, doors, etc-., would usually havo to Ifc 
subtracted from the areA thus obtained. 

The cost of stamnig and varnishing floors is also often estimated 
in a similar manner by obtaining the area in square feet, or 
square yards, ami multiplying the area by a unit of coat. 

Sr. 1. Find the coat of painting the two yides of a rectangular 
wooden partition, length 37 ft., height 5 ft, 3 in., at 2s. per eq. yd. 

Area of one side =37 x 5| sq. ft. 

„ both aides = aq. yds. 

= 43 166 aq. yds, 

Cost=43 166 x 2 shillings = £4. 6a. 4d. 

iPas. 2. The dimensions ef a room are : length 21 ft. 9$ in., width, 
16 ft. 7 in., and height 8 ft. 1| in. Find the length of paper required 
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« 

for the four walla, and it* total coat, knowing that the w^ltb of 
the paper in 22$ inches, and ita coat la. 3<1. per yard. 

Area of walls 

% -2(21 ft. 9J in. x8 ft.. 1J in) 4 2(15 ft 7 in x S ft. FJ in.) 

-74$ x wj. ft =- 4 ^ x «q. yd*. 

Length of papcr=~* * 8 *=*107j!{ yds. 
o y f~3 
9X 36 • 

('ost of papoi ■ 1 07 a * x 1 Ih 1 1^1. 

Ex. 3. Find the cost of pairing the walls and coiling of a room ; ‘ 
the dimensions are . length 30 ft , width 18 ft., and height 12 ft., 
the cost for the walls l»eing Ik. per sq yd , and for the ceiling la. 6d. 
per »q. yd. 

Area of the foui wall* -2(30 x 12) + 2(18 a 12) wp ft. * 

- 1290 wp ft., or - V"” ■ 144 iwp yds. 

, . cost of walls-: 144 x Is. £7- 4fl 
Aiea of ceiling - 1 72 *q. yds. 

cost of ceiling ^.72 x l£s. -- £.». Ss. 0d. 
total cost £12. Pis. 

Ex. 4. Find the length of wall paper required to jwiper the four 
wall* of a room, the width of the paja-r being I ft. 9 in. The 
dimension* of the room are : length 24 ft , width 18 ft., and height 
12 ft. There are three doorways <> ft. high and 3J ft. wide, and an 
opening 7 ft. high and 5 ft. wide, which are not to bo papere^. 

Area of walls 2(24 * 12) i 2(18x12)- 1008 aq. ft. 

Areas to be deducted (7 * 5) f 3(8 • 3J) -98 sq. ft. 

Hence area to be papered - 1008 98 910 wp ft. 

910 

length of paper required - * #J p 520 ft. 

1 i 

• 

flmrpA+.lng — Usually a carpet is made in one long continuous 
piece of a given width. Hence, to ascertain the length of carpet 
required to cover the floor of a room, it is necessary to obtain 
the area of the floor, and this area divided by the width of the 
carpet will give the length of it required. 

Ex. 1. If a carpet i* $ yard wide, find the length required to 
cover the floor of a room, length 24 ft , width 18 ft A And also the 
oo«t at 5e. per yard. 
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I,efc (Fig. 41} represent a plan of the room, A B being 24 ft, 

and BC 18 ft. 

As 18 ft. =0 yds., and 6~J=8, if DA be divided into 8 equal 
parte at E t 0, If, K, L, M, each of the portions indicated^ will 
be I yard, and the length of carpet required will l>e 
8 x 24-192 ft., or 64 yards. 



The pro\ ions result may W obtained in a simpler manner. 

The area of the carpet must be equal to the area of the floor. 

. , . . , area of floor 

• U “«* h C " r|K ' t re ‘ 1Ulred "m,Uh of carpet 

Thus, in the above example, 

* area of floor =24 x 18 sq. ft. 

= ? - 4 * 1H =48 sq. yds. 

Length of carpet required = 48 -f | - 64 yds. 

Cost of carpet - 64 \ 5s. =£16. 

Er. *2. The length of a room is 36 ft., and its width 22 ft. A 
border 2 ft. wide is to be stained all round tl\e room, and the central 
part covered with a carpet $ yard wide. If the staining cost 0d. 
per square foot, and the carpet 5s. per yard, And the total cost. 

Let ABCD (Fig. 42) represent a plan of the floor, and the shaded 
portion, the area, to be stained. This area will be obtained by sub- 
tracting the area of the inner rectangle from the area of the outer 
rectangle. The sides of the inner rectangle are each 4 ft. less than 
those of the outer. 

area to be stained =*38 x 22 32 x 18 = 792 - 676=216 sq. ft, 

/. cost of staining = 216 x i) = 108s. =£6. 8s. 
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length of carpet required Hr* ^ yds. • 

('«>«• of car|>et ■ S. r >^ x5«. - £21. tin. Nl. 
total rout £21. tk Nd.4 £f>. 8s. £26. Hs. 8d. # 



Fio V£ » 

Linings.-- The cont of lining tin* inside of a tank or cistern 
with lead or zinc is generally estimated at .so much j**r square 
foot. When sheet lead in used for this ami othei purpose* it 
i» usually referred to hv*its weight Thus, “, r > lb*. lead” refers . 
to sheet lead, and means that a squaie foot of it weighs 6 Uw. 
Hence, when the number of square feet in the aiea which has 
to be covered is known, tin* weight of lead lequued can readily 
be obtained by multiplication. * 

Ex. 1. The length of 
a rectangular box with- 
out a lid is 8 ft., width 
3 ft., and depth 4 ft 
If the Burface is to lie 
covered with 6 Ibe. lead, 
find the weight of lead 
required. 

Area of the end A BCD 
(Pig. 43) 

=4 x 3=12 sq. ft ; 
area of both ends 
=24 t*q. ft. 

Area of the side A FED=S x 4 ; 
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ami of tho two sides =8 x 4 x 2 = 64 sq. ft. 
Area of haso- 8 x 3=24 sq. ft. 

Hence total area to he covered = 24 4- 64 + 24=* 112 sq. ft 
weight of lead required^ 112 x 6 = 672 lbs. 


exercises: xxxii. 

1. (i) Calculate the length of the side of a square field which is 
an acre in area, (ii) What fraction of an acre is afield 55 yards 
long hy 40 yards wide ? 

2. Find tho number of yards in a side of a square field, the area 
of which is 11 ac. 36 j»er. 

3. A field of 20 ac. is four tunes as long as it is broad ; find the 
length and breadth in yards. 

4. The length of afroom is 31 ^ ft., and the area 46 sq. yds. ; 
what is the breadth ? 

5. The length and width of a rectangular enclosure are 386 and 
300 ft. respectively ; find tho length of a diagonal. 

* 6, The foot* of a laddor is at a 

distance of 36 ft. from a vertical wall, 
the top is 48 ft. from the ground ; find 
the longth of the ladder. 

7. Tho height of a lean-to roof is. 

3 ft. 6 in., ami tho span 12 ft. (Fig. 44); 
how many square feet of felt will lie 
required to cover 20 ft. length of the 
roof? 

8. The side of a square is 24 ft. 6 in. ; 
what is its area ? 

9. Each side of an equilateral triangle is 10 ft. ; find the length 
of the perpendicular from the base to the vertex. 

10, What length of matting, yd. wide, will be required to 
cover a room 30 ft. 6 in. long by 25 ft. 6 in. wide ? What Is the 
cost of the same at 4«. 6d. a yard ? 

u A quantity of matting, 37 ft, 9 in. l«ng, and 7 ft. 6 in. wide, 
will just cover a room ; what is the width of matting, '75$ ft. long, 
which will oover the same room ? 

12. A plot of ground required for building a warehouse is a square 
of 90 ft. 9 in. side ; find its cost at £1. 12s. per square yard. 

IS. What would be the cost of painting the four walls of a room 
whose length is 24 ft. 3 in., breadth 15 ft. 8 in., and height 
11 ft. 6 in., at 2s. per square foot! 

14, What will be the expense of paving an area which meaanrea 
35 ft. 10 in. by 18 ft. 6 in., at 6a. 3d. per square yard! 
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15, Calculate the cost of the paper for the walls of a room, 20 ft. 
long, 17 ft. broad, aud 12 ft. high, allowing 42 sq. ft. for (loom anil 
windows, the pri^e of the paper Wing 2a. 8d. per piece of 12 yds. 
long and 21 in broad. 

10, What length of matting, J yd. wide, will cover the*floor of 
a Hospital 31 ft. G in. long by 18 ft. 9 in wide? What la the coat 
of the matting at 2s. 3d. a yard ? 

17. A rectangular field, 4<I) yds. long and 396 yds broad, ia let 
for £34 a year ; find the rent of an acre of the kihhc field. 

18. How many square feet of glass are required to glaze 5 
windows, each containing 14 panes of glass, and each jiane ineatniring 
18 in. by 6 in.? 

19. How many 3-inch squares can Ik* cut out of a 12 inch square? 

20. A gardener has » piece of mulling, 73 yds* 1 ft. 8 in. long 
and 3 ft, 9 m. w ide, to comm a wall 94 ft. long and 10 ft. high j how 
many square feet of wall remain uncovered? 

21. What is the cost of carjM ting a Vooin, 23 ft. 9 in. long by 
22 ft. 6 in. wide, at 3s. 4d. per square \nrd v 

22. Find tlic cost of parting a i<M»m, 18 ft 1 in. long by 14 ft. 
8 in. and 12 ft. 6 in. high, with a paper 30 in. wide, and costing 
4^1 per yard. 

23. A rectangular held is 60 ft long by 40 ft. wide; it is 
surrounded by a mad of uniform width, the whole area of which is 
equal to the area of the field : find the width of the road. 

24. Find the rent, at 12. 5s. an acre, of a i octangular jiark 4 mil© 
long and 1 mile wide. 

25. A rectangular garden contains 1200 *q. yds. ; if the length 
is to the breadth as 4 to 3, what will the fencing cost at 3s. Gd. 

per yard? 

2ft. The tw’o sides of a rectangular field am found to*be 0876 
miles and -0036 miles, respectively ; find the area. 

27. The length of a field of 2 acres is 7J poles * find its width. 

28. Find how long it will take to walk round a square field 
containing 7 ac. 2601 sq yds., at 3 miles an hour. 

29. Find the cost of lining a rectangular cistern with “7-lb. 
lead,” at 3d. per pound; the inside dimensions are, length 3 ft. 2 in., 
width 2 ft. 8 in., and ftepth 2 ft 6 in. 

30. A rectangular room is 30 ft. long and 22 ft. wide ; the height 
from the top of the skirting to the cornice is 11 ft. How many 
yards of paper 21 in. wide will be required to cover the walls, 
assuming that the foor, windows, and other openings, just com- 
pensate the waste i^%»lved in matching the pattern ? 

3L A carpet «jrering the central portion of a room cost 
£3. 6a 8d. The Axrni was 16 ft. long by 12 ft. wide, and between 
edge of carpet and the walls a distance all round of 2 ft ; what was 
the cost of the carpet per square yard ? 
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32. Find the cost of carpeting a room, 34 ft. 6 in. long by 
18 ft. 4 In wide, at 3s. Oil. a square yard. 

33. The cost of carpeting a room, 26 ft. 8 in. l#ng, with carpet at 
4s. fid. a squaro yard is £9. 10s. ; find the width of the room. 

34. The diagonal of a square is 3362 ft. ; find the length of a^nde 
of the square. 

35. The men of a rectangular fiejd contains 462 sq. yds., its 
length is 25 yds. 2 ft. ; find its width 

36. Find the cost of putting a fence, at 3s. 6d. per yard, round 
a square field, whose area is t^o acres. 

37. A garden, 77 ft. 4 in. long by 50 ft. 4 in. wide, is surrounded 
by a wall 14 in. thick ; within the wall, round the four sides, there 
is a bed 6 ft. wide, then a pathway 5 ft. wude, and grass in the 
middle: find the areas of the wall, the lied, the pathway, and the 
grass. 

38. If the cost of putting a fence round a square enclosure is 
£36. 13s. 4d. ,*find the side of the square, and price per yard of the 
fence, when the area is 10 acres. 

39. A square field has an area of 2 acres; what will it cost to 
enclose at 6s. fid. per lineal yard of its boundary, and to cut a path 
diagonally across it at Is. fi£d. the lineal yard? 

40. r I ’he dimensions of a room are, length 21 ft., width Ifi ft., and 
height 11 ft. There is a doorway 7 ft. high and 3 ft. wide, and 
two windows 7 ft. by 4 ft Kind cost of papering the room with 
paper, 2 ft. wide, at 3d. per jard. 

41. A rectangular field contains 2J acres. If tho length to tho 

bieadth h 11 :S, find the peiimeter. [U.K.I.] 

42. A rectangular loom is a yds. long, h ft. wide and r ft. high. 

Find (a) tho area of the walls, (ft) cost in shillings of distempering 
the ruling at 3d. per sq. vd. (<•) Find the numerical values when 
a -5, ft 13, c-12. ' fN.U.T 1 

43. A t octangular field is 130 yds. long and 100 yds. hroaij. Two 

jtaths, each 10 ft. wide, are made across it m> as to divide the field 
into four equal rectangular plots. How much would be lealized hy 
selling tho plots at £57. 15s. per acre* [L.C.U.] 

44. Find the length of tho side of a square plot of grass if, when 

an extra strip of turf one van! m width is put completely around it, 
tho area is increased hy 40 sq. yds, (L.C.U.] 


Summary. 

Area of a Rectangle = base x altitude -length x breadth. 

Area of Parallelogram = base x altitude. 

Perimeter. —The perimeter of a figure denotes the sum of the 
lengths of all its sides. 



CHAPTER XIV. 

MENSURATION OK TRIANOLK, RHOMBUS, TRAPEZIUM, 
AND QUADRILATERAL 

Area of a Triangle. In hg tin- n-< tangle All*' I ) ami the 
parallelogram A BEE «>n tin* mum* Lwt* All ami of the Hame 
altitude, arc equal in urea. 



When A is joined to C and E it is easily seen that the triangle 
ACDia half the rectangle ABC IK and the triangle A ED is half 
the parallelogram A BEE. 

Hence, the two triangle* are equal in area, and the area in 
each case is equal to half the yrrxluct of the base and the altitude. 
: . area of a tria ngl* ~ £ ( fxise X alt it ude) » \ab. 

This result is shown graphically (Fig. 46). The rectangle 
ABHL on the tame, or an equal base, and half the height has 
the same area as the triangle ABC. 

W.M. L 1 
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Ex l ,In a right-angled triangle the three sides arc 3, 4, and 5 ft. 
respectively, find the area. 

If the base 1 m> 4 thon the height i» 3. 

r A rea ----- .1 x 4 x 3 - 6 «q. ft. 

Ex. ‘2. If the base of a triangle l>e IO4 yds., and the height 4$ yds., 
what is the area v « 

Area }, (10'‘ x 4’ ) -- ’ ( ^ x 2 i l ) -• ‘22 37 5 »<[. yds. 

If 11 rujht-diujlfil triangle m also isosceles y ho that AB- BC 
( Pig. -10) then denoting AB and BC each by unity, 

AC -Vl 2 + 1“ s'± 

If the equal sides are of unit length, the area is 

1 x 1 , , . 

- - . unit of area 



Fiu «> —Ares of nn 1 'modes 
triangle 


Fin 47. — Area of an equilateral 
triangle. 


In an equilateral triangle the throe sides are all of equal 
length, and each angle is 60". 

If, as in Fig. 47, a line CD Ik> drawn perpendicular to the 
base, and meeting the base AB at Z), then*the base is bisected 
at the point D so tlu-t AD-DB . 

If each of the equal sides lie two units in length, 
then AD*=\. 

and CD =%,'&- "i*=V3. 

So that in a right-angled triangle, in one angle is 60*, 

the three sides of the triangle are proportional to 2, 1, and \ r 3. 

Also, aroa of triangle ABC= i x 2 x square units. 
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Ex. 3. Find t Ik* area of an equilateral triangle, nochlmlc 10 ft. 
in length. • 

The urea \(A H \ Cl>), (Fig 47) 
rj) . X '|(F 3 ' j S 141 
At. a |,1« S GO) 13 3 hi, ft. 

When (he three sides of .i mangle ate gi\en * 

If ri, l>, c he the t hi ee side- ,,n<k < * ^ * ; mIipii s half the 

sum of the Hiile^, then the .m.i * .f tie* ti tangle h gneii by the 
f.n mula 

area= v / s(B-a)(a-b)(8-c), 

or. find half tie sum of tie* length of tie* sides, tmhtiaet from 
this half sum tin* length of e.o li side m j»,u ateli ; multijily the 
tlnee rem.undeis end tie* h ilf sum log.-thei , the squate loot 
of the jirodie t is the aie.i of tie* t r tangle i equued 

Ex. 4. We may use this mh to hud the at. a of a right angled 
triangle, sides 3, 4, ..ltd '» units resperm . ly 'I lie ut»*a has been 
already determined hy .ue>t!e r method in Kv I 
Hero - ) f3 * 4 -4 31 <5 

Subtract from tins tie* h ngtli of «*m h side s< parat.ly, i,r. 

6 3 3, fl 4 *2, (» 3 1 

Area of trungh* > ti * 3 * 2 - I n , 3<) - (1 jaj units. 

Ex. 6. Fuel tie* area of a t Mangle, the lengths of the tlirce sides 
being 3 27, 4 30, and o 43 fe«*t t« sjieetnely 

* - J (3--»7 • 4 • 3 43, 6 31 

Area - «/(» 34(0*34 - 3 *27 ) (G 34 4 30j(0 31 5*45) 

V0*34 * 3 *27 *21H ■ 1 OU-YfXt M09 
-TTfOsq. ft 

Ex. 6. The aides of a triangular field are 500, 600, and 700 links 
respectively. Find its area.. 

\ (.VJ0 4 0U0 , 700) - 900, 
area = ^900 •. 400 / 3*K l .> 2tX) 140969 arj. links 
- 1 ac. 1 r. 33 15 pole*. 

* This useful result must at this stage be taken for grunted. Its 
proof mil come later. 



•132 


WORKSHOP MATHEMATICS. 


EXERCISES. XXXIII. # 

1. The base of a triangle is 49 ft. and the height 2.5*25 ft find 

its area. • * ' ’ 

2 . Find the area in acres of a triangle whose Bides are 25, 20 and 

15 chains respectnely. ' 

3. Find the area of the triangle whose sides are 13 ft., 14 ft 
and 15 ft. 


4 . Find the area of the triangle whose sideH are 21, 20. and 29 
mclics respectively. 

5 . The sides of a triangular field are 350, 440, and 750 yds. The 
held is lot for 131. 10s. per year ; what is the rent per acre? 

6. On a base of 10 yards a right angled triangle is formed with 
one side 2 yards longer than the other. Find its area 

7 . The sides of a triangle in yards are 101*5, S0*5, and 59*4 
rcspectivcdy, find the area. 

8. Find the area of a triangle, base 025 links, height 1040 links. 

9 . Find the atea in sijuare \ards of a right-angled triangle, the • 

two perpendicular sides being SO and 30 ft. respectively. * 

■moo* , ftroa of u triangular field, the sides of which are 2569, 

4900, and 5025 links respectively. 

v }\ J he of »*» equilateral triangle are each 17 chains 4 links 
r ind the area. 


12. A triangular field, the three sides of which are 350, 440, and 
7.X) yards respectively, is sold for £52. 10s., find the selling price 
per acre. ° r 


13 . At £5 per acre find the cost of 
sides beina 130, 140, and 150 yards. 


a triangular field, the three 



14- J^® 8pAU AB (Fi «* 48) of A roof is 40 ft * the rise 15 ft.; find 
the total area covered by slating if the length of the roof is 60 ft. 

v J?* ? ide * of * triangular field are 300, 400, and 500 yds. If a 
belt, 50 yds. wide, is cut off the field, what are the sides of the 
interior triangle, and what is the area of She belt * 
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lfi. Find tfie area of a triangle, the side* being lft, 36, and 30 ft. 
respectively. * 

17. T he thrce#idet» of a triangle are 1ft, 16, ami 17 ft. respectively, 
find it* area. 

.18. Find the area of a triangular piece of land, in which 3he three 
sides are 600, 700. and H<*> vIn respective!) . 

19. Find the area of an etpnlateial triangle, ea< It side 10 ft. ill 
length. 

20. Hie si les of a triangular field aie respectively 10 chains, 

8 chains, and 1 ‘J chums. 'J lie thaii^being ‘-2 yard*, fiml the acreage 
of the field, and the jH-tja-ndn ular distance of the longest side from 
the opposite coi n< r. 

21. T he area of a triangular held is 6 a ‘2 r S p , and the perpen- 
dicular ft out one angle on the base is ft24 links. Find the length of 
the base 

22. 1 he gable end of a house measures 

9 ft. 7 in III height from ihe base to the 
ridge. If the length oj the Use Mi 
(Fig. 40) Iks 20 ft 10 l in , find the area 

23. The area of an upidateral triangle 
in 02ft ’2ft f«|. ft , find the length of a 
side. 

24. The area of a triangular field 16 lie 3 1. K p , the Use 
14 chains. Kind the length of the perpendu ular from the opposite 
angle to the base. 

25. The sides of a triangle are 624, 780, and 468 links respectively. 
Find its area in acres 

Area of a Rhombus. Let Alich (Fig. fto) 1* a given 
rhombus. By joining .1 to C. the 
figure is divided iiib* two ttiangles 
A ('ll tttid A Cl). Also the two doujonal* 
of a rhombus bi*/'rt cork otfo-r at rujht 
angle*. Moreover, the line HI is the 
altitude of the triangle A < 'll and ID 
is the altitude of the triangle A CD 

Therefore urea of rhombus 

-area of triangles A ('/) and A ( 'll 

~-\(ACxlH)\ ‘ 

hence the ami of a rhombus >* hal f t byproduct of the two diagonal*. 

When a diagonal AC and one side Ah of a rhombus arc 
given, then, since all the sides of a i hombns are equal in length, 
the area is obtained as follows . 



Kio '<0 - Area of n rhombus. 



Fro 41* 
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In the triangle ADC the three Hides AD, DC , land CA are 
know'll. From thn, as on p. 131, the area of the triangle ADC 
can lie obtained. The area of the rhombus is f obviously twice 
the arei^ of AD<\ 

Kr I. Kind the area of n ilumihiis, the diagonals being 30 and 
12 feet icxpei tnrly. 

Area-- ji(3() \ 12) ISO square feet 

Ex. 2. If in a ihoinbus the length of one .sole A l) is (Jo and that 
of one diagonal is 104 units, tinfl the aiea 

Hero $((»:» l Go i 104 1 117. 

. . Area of triangle \^l 17 % 13 -• f>2 x f>2 
202S units of area 

Hence area of ihoinbus 202S \ 2 - 4050 units of atm 

Area of a Trapezium. The aiea may be obtained bv divid- 
ing the tiguie into two triangles .1(7) and ACB (Fig 51). 



If AE lie drawn perpendicular to fl<\ and meeting DC in E y 
then AE is the altitude of both the triangles ABC and A CD. 
area of triangle .1 BC- k(BCv AE), 
area of triangle .1 < 7)- .((.! D,\ .1 E). 

Area of four-sided figure A BCD equals area of the two 
triangles into which the figure is divided by the line AC 
area of .1 BCD= h(BCx AE) + .((.I DxA E 
7 ]aE{IHA-AD)- 

'Hiis important result for the umi of a trapezium may l*e 
stated as follows: Multiply the si/mi of the piralM side* by half 
the perjtfHiheutar distance beticeen them. 
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Ex. 1. Fi$d the area of a trapezium, the length* of the two 
parallel aide* being 650 and 925 ft. respectively, and the perpen* 
dieular distance between them 420 ft. 

Area ~ $ (650 * 925)420 
330750 «). ft. 

Ex. 2. Find the perpendicular distance tatween the two parallel 
sides of a trapezium, the lengths Lung 74 and H4 S ft respectively, 
and the area 762 24 nq. ft 

Here M74 * H4 79 4, 

702 24 

per|M'iidiciil<tr dinlam e _ -9 6 ft 

Area of any Quadrilateral. Any four sided figure, such ns 
A Hi’ I) {V ig 621 h called a (juadiil.iter.il Hv joining D to B the 
figure is divided into two triangle* ,1 Dll and D/l(\ The area of 
the qviadnl.itei.il m the Mini *>f tin* mean of the two triangles, 
lhaw .1 A' and t/’’ perpendu.nl *r to Dll. 


A 



c 

Fm - Area of a qatririUlcr*] 


Then area of triangle A Dll -- \(DIl x EA ) 

Also area <>f triangle Dt'll \{l)B* (’F) 

:. area of quadrilateral - S DB(EA + <‘F), 
or, hal f the produel of one of the diagonals and the mm of the, two 
perpendiculars let fall on that duty on a l from the two opposite 
angles gives the area of the quadrilateral. 

Ex. I. The lengths of the sides of a quadrilateral figure are 
AB 107J ft., BC 127J ft., <'D 150 ft., DA 62* ft , and the length 
of the diagonal BD is 132* ft. Find the area of the quadrilateral. 
As the three sides of the triangles ABU ami BCD are given, we 
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can find the area of each triangle separately and adi the remits to 
obtain trie total area of the quadrilateral as follows : 

Half the sum of the sides of the triangle DBG A 
ill 27 5 4 150+ 132 -5) = 205, 

subtracting from this 127 '5, 1 50, and 1325, Respectively, we obtain 
77 "o, 65, and 72*5. 

Area of tnanglo DBG — ^205 x 77 '5 x 55 x 72 6 
-7900 sq. ft. 

In a similar manner the area of tho triangle DBA is 
>/l5l325 >. 18 75 x W7f> x 43 75 
-3318 sq. ft. 

Area of quadrilateral DA BG - 7900 f 3318 
= 1 1278 sq. ft. 

Ex. 2. Let l)A = 48 ft , .4/i-20 ft., and BD = 52 ft., also let 
CF - 40 ft. Then i (48 t 52 - 20) (50. 

Aroa of triangle DA B - \ ; 60 x 12 x 8 x 40 

\ '230400 - 480 sq. ft. 

Area of triangle DCB - ^(52 x 40) - 1040 sq. ft. 

/. Area of quadrilateral = 480 4 1040 
» 1520 sq. ft. 


EXERCISES. XXXIV. 

1. The parallel sides of a trapezium are 234 ft. and 104 ft. reapec* 
tively, the perpendicular distance between them is 92 ft. : find the 
area of the trapezium. 

2 Tho plan of a district, is found to be a trapezium having its 
parallel boundaries 276 and 216 miles respectively, and its breadth 
/2'5 miles : find the area of the district. 

3, A field in the form of a trapezium has its parallel sides 
10 chains 30 links ami 7 chains 70 links ; the distance lietwecn them 
is 7 chains 50 links : find the area of the field. 

4, A BCD is a quadrilateral field in which the angles C and D 
are right angles, and the anglo A is half a right angle. Find the 
area of the field, given that Z*(7-91 yds., and <4 /) - 1 5 1 yds. 

5, In a trapezium the parallel sides are 750 and 1225 links, and 
the perpendicular distance between them 770 links : find its area. 

6, In a quadrilateral one diagonal is 84 ft., and the two per* 
pendiculars on it from the other two angles are 16 ft. and 18 ft. 
respectively : find its area. 

7, A BCD is a four-sided field such that the lines joining opposite 
’corner* A, C, B ami D meet at right angles at F; the length* FA, 

FB , FC and FD measuring 83, 97, 126 and 238 yards respectively : 
find the area of the field. 
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& A quadri&teral has two of its sides parallel ; these side* Are 
10 and 12 ft. respectively ; the perpendicular distance between them 
is 4 ft. : find the aria of the figure. 

9, The sides of a quadrilateral taken in order are 27, 3$, 30, 
25 ft ; the angle l>etwe<m the first two is 00": find its urea. 

10. The parallel sides of a trapezium are respectively 27 5 and 
385 ft.: the perjieiullcuiar distance ln-tween them is 12\'kS5 ft.: 
fiuil its area. 

11. Two sides of a field, which are parallel, are 7 ihains 33 links 
and 16 chains I'J links ionj»ci ti\el\ in length, and the pcipendicular 
distance between them is 27 chains 8 links . liud the area of the field 
in acres. 

12. An earthwork in the form of a trapezium has a breadth of 
12 ft. at the top and 38 ft at the hottoin, its bright being 12 ft.: 
find the numl>er of cubic feet in a n>d of its h ngth 

13. The two parallel sides of a field me 650 ami 025 links respec- 
tively, and the perpend i< ular distant e Itetwceu them is 120 links: 
fil'd the atea of the tit Id. 

14. The two parallel sides tit a held are 7t*> links anti .'100 links 
respectively ; if the perpi mlieular distance between them be 620 
links, find the area of the field. 

15. The distant e lietween the two parallel tides of a trapezium is 
10yds., and one pm ullel side is 4 yds. longer than the other : find the 
length of each side when the mea is 475 stj jtls. 

16. A BODE is a five sided field. The side A ll is 638 links, the 
diagonal BD is 875 links, and diagonal A If is Ssh links. The per- 

K mlieular from C on to Bl) is .*60 links, ami the perpendicular 
>in E on to A I) is 70U linkn. Find the area of the field m acre*. 

Summary. 

Ana of a Triangle l>a»c / altitude Or. from half the sum of 
the three sides subtract each sole separately, multiply the half 
sum and three remainders together; the square root of the product 
gives the area of the triangle. 

Ana of a Rhombus half (Ik j/roilurt of th< hm duujouaU. 

Ana of a Trapednm - Jd ultiply half (Ik mm of (hr j/amllel tide* hy 
the perpendicular ditlance hfturm thtm. 

Ant of a Quadrilateral. -.Join any two opposite corners by a 
diagonal line ; on this diagonal let fall perpendiculars from the 
remaining two opposite angles and obtain the lengths of these 
perpendiculars Then the area of the quadrilateral is half the 
product of the diagonal and (he rum of (he two j^rpendtaUare. 



CHAPTER XV. 

MENSURATION OF HEXAGON AND OF ANY POLYGON. 

Area of a Regular Hexagon. In the ease of a regular six- 
Hided figure, that is, a hexagon, as in ABCDEF (Fig. 53), the 
area can be obtained bv dueling the figure into as many tri- 
angles as there are sides to the figure All these, triangles are 
equal in area, and the area of the hexagon is 6 times that of the 
triangle OAB. 



Fio. 53.— Ar«& of a hoxagon. 

lxjt- a denote the length of the side AB. With any centre 0 
and radius 0*4— a, describe a circle. The length 0*1, it will be 
found, may lie marked off exactly 0 tunes along the circumfer- 
ence, so obtaining points *1, ii, C, I), E y F. Join A to B y etc., as 
in Fig. 53 ; then ABC DEF is a regular hexagon. 



AREA Off A REGULAR HEXAGON. 


Join the eeiim 1 0 to A and P». Then OAB w an equilateral 
triangle. # 

If OP be a line per|>endieuUi to .1/f, and }>.i&siiig through 0; 

a p rn 

/. a 

Also OP ^ </'* } |S ';p 

llerue, urea of tuangh* OJ/> APtOp ? v ^ v '3. 


, » f *# # - 

aiea of lexagon t> x ^ \ 3 0 <x*s3. 

The value of y^t is known to b»- 1 732 (p 10) , 
ale., of hexagon 2 Tilt's X <r , 

of, to find the arm uf a ht'uujuu, *i/narr (In oiA’ a>ui multiply Inf 
2 r,iH 

Using thus inie when the aiea i> given. tin length of side < m 
Ik obtained. 

Ex 1. The length of each Hide of a r« gul.n In \agon is 4 feet, llud 
itn area. 

Area 2 ol»S 4 3 2 7r* 10 

- tl 'oOK H(| ft 

Ex. 2. The area of a reguim hexagon m 1039 2 wj in., what jb 
the length of the side' 

We ha . e 1039 2 <r > 2 r>98, 

where a denotes the side of the htxagon. 

* 

n 20 

. langth of hide - 20 in. 


EXERCISES XXXV. 

1. The area of a tegular htxagon in 7 »q. ft 31 228 sq. in., find 
the length of a side 

2. The side of a regular hexagon is 10 74 \.»rdn. find its area 

3. Find the side of a regular htxagon, equal in area to an equi- 
lateral triangle, whose side is lf»0 ft 

4. The length of each side of a hexagon is 12 ft., find its area. 

5. Find the area of a hexagon whon* side is 20 ft 

6u The area of a hexagon is 286 437 wj. ft., find the length of a 

side. 
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7. «The area of a hexagon is 10‘39 sq. chains, find the length of 
one of it* sides. 

8. Tho area of u hexagon is 3367 ‘699 aq. yds., find the length of 
it* H*de. 

Area of any Polygon. —The area of any irregular polygon may 
he found In dividing the figure into a number of triangles, then 
by finding the area of each triangle, and finally adding together 
all tho areas mo obtained, the result is the area of the figure. 

Graphically, The area of an irregular figure may be obtained 
graphically as follows 

lA*t d li( 7>A’ (Fig. 54) be an irregular five-sided figure. 


C 



Fin. 54.— Graphical method of (inditig the area of a polygon. 

JoiifCjto d,and from II diaw a line lib' parallel to CA t meet- 
ing EA produced at F. .Join C to F. 

The triangles CFA and CHA are on the same base CA, and 
havo the same altitude. Hence the triangle CFA is equal in 
area to the triangle CBA. 

In a similar manner, join C to E \ anil from point D draw IH* 
parallel to CE, meeting AE produced at 6’. Join C to 0. 

The triangles COE and CUE are equal in urea. 

Thus the triangle FCQ is equal in area to the given five-sided 
figure. As the length of the base FO, and also the altitude of 
the triangle can be obtained, the area of the triangle, and there- 
fore the area of the given five-sided figure can 1 m? ascertained. 

Or, the triangle FCG may be converted into an equivaleuf 
rectangle, as on p. 130. * 
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MISCELLANEOUS EXERCISES XXXVI. 

1, If the base of a rectangle m I mile in length, and the diagonal 
1$ miles, find the area 

2, Kind the cost of putting a fence, at la tid |R»r yard, round 
a square field whose ami is 4 uctes. 

3, Find the difference in the coat of piqiering the walla of a room 
19 ft. 4 in. long, 12 ft *2 in wide, and Ml ft. (5 in high, with paper 
‘21 in. wide ami costing 7d a yard, oi with paper IS in, wide costing 
6$d. ft yard, allowing 13 square yards for windows, etc. 

4, The width of a lawn tennis ground is two thirds of its length. 
The cost of levidling it at ttd. per squat e yard is £1 15 4s. ; find the 
cost of enclosing it with an iron railing at 0«. Sd |>cr yard. 

5, Find the atea of a path 3 ft wide round a house 57 ft. long 
and 37 ft. wide 

6, A roof which mcasmes 1H feet al mg tin ridge, and 1C ft. 8 in. 
from ridge to eaves, is to he t meted with slates 16 in long and S in. 
wide, each slate overlaps the one ladow hy *2 in ; find the nurnl>erof 
slates required, and the cost at *2s. per dozen 

7, The diagonal of a rectangular field is *o its length ns 13 to 1‘2, 
and its urea is 1 ac ‘20 sq yds . what is its bu.idlh* 

8, The perimeter of a ieit angular Ibid is to its length as 34 to 
13, and the length exceeds the breadth by 70 yds.; what is its 
area? 

9, A rectangular tank 3 ft hi width hy 4 ft m length receives 
all the rain that fulls on a roof, length 30 ft , width 20 ft. On a 
certain day it was estimated that i pint of water fell on oath sou are 
foot of roof ; how far will the water rise m the tank ? 

’ 10. Find the area of a rectangle, length 9$ ft., width 5$‘ft, 

11, Find the length of carfiet f yard wide necessary to cover the 
floor of a rectangular room ‘2*2$ ft. long, 21$ ft. wide. 

12. Find number of rolls of paper required to paper the walls of a 
room 18 ft. long, 12 ft. wide, and 10$ ft high ; each roll is 21 in. 
wide, and 12 yds. long 

. & Thearoaof a rectangular plot is 101 sq. yds. 0 sq. ft. 8sq. in.: 
its length is 36 ft. 9 in.; find its breadth. 

14. The length and width of a rectangular tile are 12 in. and 9 in. 
respectively ; find the number required to’ pave a passage 90 ft. long 
by 9 ft. wide. 

15, How many cwt. of lead will be required to cover a roof 48 ft. 
long and 32 ft wide with “ 5 lb. lead " ? 

18. Find the cost of the paper for a room 17 ft 7 iu. long by 
11 ft 5 in. wide, and 10 ft high, using paper 2 ft 8 in. wide at 8ct 
per yard. 
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17. Vhe sum of 1‘9 Os. 10<1. is allowed for the paper for a room 
27 ft. long, 10 •55 ft. wide, and 12 4 ft. high ; <how much per yard 
must he given for a paper 2'7 ft. wide v 

18M ’he length of a hall is three times the broadth : the cost <>f 
whitewashing the roiling at f»^d per sq. yd. is £4 12s. 7 'Id., and the 
cost of papering the four walls at Is. ltd. per. sq. yd. is £35; lind the 
height of the hall. 

19. A rectangular field, four times as long as it is broad, contains 
2£ tunes; lind its length am| hieadth. 

20. Find the cost of painting the font sides and the bottom of a 
tank yds. long, 3J ft. wide, and (> ft. deep , at 4d. per square foot 

21. A room is IS ft long, 12 ft. wide, and 11 ft. high; what length 
of paper a yard wide would be requited to line its four walls and its 
ceiling ? 

22. There is a square enclosure of 10 acres ; a man wmlks at the 
rate of 3 miles an hour along one side, along a diagonal, along another 
side, and so returns along the other diagonal to the starting i>omt • 
how many minutes does it take him to walk the distance? 

23. The length of a floor is 28 ft. and width 1!) ft.; find the cost of 
carpeting it with eaipet yaid wide, and costing 5s. 9d. a yard. 

24. The length of a field is j mile, the width 242 yards; find its 
area. 

25. The length of a rectangle is 81 ft., its width 5Jlj ft. ; fiml the 
side of a square, the area of which is equal to that of the rectangle. 

26. Find the cost of fencing a square tield of 10 acres at 9d. per 
yard. 

27. The length of a courtyard ts 20 yds. 2 ft fi in., and width 
12 yds. 2 ft. 3 in. ; find the iimnbei ot stones inquired to pave it, 
each i&yne being 2 ft. in length and 1 ft 5 in. wide. 

28. Find the area of a triangular field, the three sides being 848, 
900, and 988 links respeetiv ely. 

29. The two parallel sides of a trapezium are 750 and 1225 links 
respectively, the perpendicular distance between them 1540 links; 
tinu its area. 

30. A lawn-tennis ground is half as lonj? again as it is wide: the 
cost of levelling it at 9d. per square yard is £176. 8s. ; find the cost 
of enclosing it wiih an iron railing at 7s. 6d. per yard. 

Summary. 

Area of a Regular Hexagon.— The area is the product of 2'598 and 
the square of one of the sides. 

Area of any Polygon. —The figure may lie divided into a number of 
triangles ; the area of the polygon is then the sum of the areas of all 
the triangles. 
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Section I. Vulgar Fractions. 

1. Kvpl.im wh\ " of 4 i- • <p!iil to ’. 

2. Reduce the follow 1 1 1 fia< inm to its simplest f« *r tn • 

<!>’, of \' : ) . hJ 

-L iV.V 

3. Of a buddej ’s stu* k of 1 1 in I »« i \. t- d* *■ 1 1 * *\ ed b\ fire ami 

damaged. What fi.ulionof In- stork h main- immjuml v 

4. ,j of a pole jh undei u .t t t*t ami ,* m in the mmi at 1 1n* Wtom. 
What fruetioii of I hr |*>1< w alto\i tin- sulfa* *• of tin- water * 

5. An apprenljei k|h ml- ^llm of In- time in the shop an<l .^tha 
in the drawing olheo. Wlmt fra* t ion iijtn suits tin- t< muuxfer of 
Imh twin* ? 

6. Kind the value of 4 of the *uri of £Hj92 1 Oh. 9d and 
£19. ik. lid. 

7. Kxpiess the ratio of 17 hour* t. r i minute* 2K n funds to 124 
hours 18 mi nu ten Hi second** as a vulgar fra* lion in its lowest Homs. 

8. The cost of lid tour in prmlming a certain atticle#wiu« 
£18. 19s. lid. It was made h\ fie* |>er sons, who n*\* rally urn-lit 
two, three, four and a h ilf. six and * ight da\s u|M»n it. flow 
should the inonej lx- divided among them* 

9. What port of a log remain** afl**r -/.j, * and \ "I it haw lieen 
cut off? 

10. A farm consists of JUKI acres. of H ip jmsture and the rent 
is arable. How many .vnj an* arable v 

11 . Coal* at .32 k. per ton are tiiixmI with coke at 24 h a Ion in the 
proportion of 5 tom* of coal to 3 Hum of *s>ke ; fuel the money 
saved by using 11 ton a of the mixture instead of 12 ton« of coal. 

12 . The pressure of the atmosphere w 14 7 lbs. per wj. in. ; what 
in the presaure in II*** per ‘.•quare foot and in kilograms j»cr 
metre * 

13 . 0) ‘Subtract yn of -J of ^ from ^ j of 5*. 

(ii) Divide ^ by ] of W 
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14. \ man buys 120 articles for 5s. Od. ; lie sells one- third of 
them at a {wnny each, one-fifth of them at tyro for l$d. and th« 
rest at ,Jd. each. Find how much profit lie makes^ 

15. * Divide £793 10s. amongst A , B, C and D, so that A may 
have two-thirds as mueh as /i, whilst 7f has three-fourths as nmeli 
aH C, and C haft five-sixths as much as 1). 

16 . If "yths of .4 s capital is ijrds of B'h capital, and if the 
capitals of B and Cure taken together, they amount to |^ths of ,4 ’h 
capital, find what part- of* /#’ s capital euu.ils (Th capital. Find 
three whole nu ni hers which are proportional to the three capitals. 

17 . Find which is gicalcr, H i j| or | ■ ^ 

18 . T lie rates amount to £11. 3s. 1 1 *d. tor a house whose rateable 
value is £92. 10s. ; find wdiat they will amount to, on the same scale, 
for a house whose rateable value is .£105, 

19 . One kind of gunpowder is made of lo parts nitre, 2 jmtt^ 
sulphur and 3 putts charcoal; anothci kind is made of 77 JMirta 
nitre, 9 parts sulplmi and 14 putts ehaicoal. It 112 lbs. of each 
kind be mixed together, find the amount of each of the three 
constituents in the mixture, giving the answer m pounds. 


Section II. Decimals. 


Add toget her 

1. 26*9872, 324 09885, 0123 and 4 20. 

2. 4 79093, 59*6358, 0 0027)03 and 5-7015151. 

3. 0-79093, ’>9 6358, 0*002503 and 340-0207. 

4.i379-8n03, 0 0056178, 3 973 and l -30034021. 

5 . 181*3270, 10 0085, 0*16709 and 11-96*2. 

Subtract 

6 . 72*807236 fn>m 631 *04357. 7 . 29*78787*from 31*010101. 

8 , 549*8623 from 782*296. 9 . 9*099901 from 10*00901. 

10. 12*0360819 from 107*00017. 11. 23 907325 from 84*0157. 

* 12 . Add together 346*07(43, 3 -974928 anil 0 00647328, and subtract 
the result from 359*038622, 


Compute by contracted methods to four significant figure® : 


13 . 0*03405 x 0*9123. 

16 . 87*29 x 0*01785. 

17 . 8*102 x 35*14. 

19 . 23*07 x 0-1354, 
21 . 0*03405x0*9123. 
23 . 0*01584 4-2*104. 


14. 7*164x0*00734. 
16. 12*39x5*024. 

18. 3*405 x 9*123. 

20 . 0 01239x0*5024. 
22 . 34 1)5 -r 0*09123. 
24 . 0*00729 -f 0*2735. 
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25. 5024 41&39. 26. 254*3-04)9027. 

27. 3 -405 4 9 * 1 23 # * 28. *2307 4 1 *354. 

29. 0- 1230 + 50-24. 30. 340540*09128. 

Compute 

31. (i) 1 *353 x 0*2308. (ii] ‘23 OK : O dim 

32. (i) 23-08 *0 1353. (n) ‘J0MN M*353. 

33. (i) 12 39 >. 5 024. (11) 5*0244 12 39. 

34. Add !j(}J 2) to J * 0 - 0003 : J # *0(i0594. 

35. To (2 ,r i * 3 *0*2.") • * < I J) ltd 1 1 4^ J!J, and fiom the puni sub* 
tract *2j^ -.-kC. 

36. To (J f *, * J » J 1 25 f 3 5) .uld jL of 4’, and from the Bum 

subtract 5j r 1 J. 

37. Subtract 0*0625 of £113 Ids Kd. from *4 of £50. 5 b. 6 d , and 
find the mindier hv whuli the icsidt imiBt l»e multiplied to produce * 
£985. ll». dd 

38. Express 0 cwt. 3 <ji h 3.» 11* a« a deeimal of a ton. 

39. Kind what decimal part of £78. 8« 8d. i» equal to £63. 

14b. 0*d. 

40. A niece of wire 4 7 inches lung weighs 55 grams ; find the 
weight of a mile length <»f thin wire. [1 lh. —7000 grama.] 

41. Exprvua in itn simplest form 

1 5 of £ 2 . 1 1 h lid. 
l~Vof £4 IHb Sri. r 0 3 o'f~£5 

42. Simplify - y* .* 0 21. 

Vt of y of J 

43. What is meant l»v 2 307 of a whole number* Find the value 
of 2 307 of 16 cwt. 3 cp-H. 13 11* 

44. A blotter cost 0 03 of a crown, a f*ook 0 03 of a pound, and a 
penholder 0*03 of a shilling. What will lx- the total cost of the 
three articles ? 

45. Find what fractiop £16. Is I0$d. is of £59. Oh. 24d.; express 
the fraction in its lowest terms as a vulgar fraction, and then 
convert it into a decimal. 

Simplify : 

46. (7 3 x 001434 15-015) - (0152 x 0033 4 2 09). 

47. (21-7x008742031 1 (10201 x 0 319 4 2*639). 

48. Reduoe to a decimal true to three plaoes : 

Yy x 251 5 
4 1 \x0*4* 


W.M. t. 


K 
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• Section III. Involution and Evoluliion. 

1. Kind the square of 3-057. Also find the squire root of 3-057 
in each ease to four significant figures. 

2. Kind to four significant figures the square routs of : 

(i) Hj, (ii) 0144, (in) 0-51, (iv) 0-051, (v) 0 571. 

3 . Kind to four significant figures iho square root of 17 '375. 

4. Divide the cube of 0 “29 by the square of 0058. 

5. Multiply the oulie of 3 Yp by the square root of 7?,. 

0, The length of the side of a squat e is 7 ‘24 ft.; find the length 
of a diag(fhal. 

7 . Extract the square root of 4 001, and show that it is very 
little less than 2 t i0 ' 00 . 

8. Show that the squat e unit of 7 is intermediate lietween *2 045 
and 2 040 , and find to the fifth plate of decimals by how much the 

square root of 7 difleis tiom 2 0455. 

9. The length of one sale of a squat e garden plot is .'10 ft. Kind 
the area of the plot in square yatds. 

10 . The sides of a rectangle are 97*2 yds. and 1*290 ft. Kind the 
side of a squat e, the area tit which is twice that of the rectangle. 

11 . A piece of sheet metal in the foim of a right angled triangle 
has its two perpendicular sides i ft. and 3 ft. lespectivoly. Kind 
the length of the third side. 

12 . The toot of a ladder 30 ft. long is 5 ft. from a vertical wall. 
How far up the wall will the ladder reach ? 

13 . The cost of the gravel for a square courtyard at *2Jd. per 
sq. yd. is £33. 17s. Kind the length of a side of the courtyard. 

14 . T*o railroads cross each other at right angles at a point P. 
Two trains A and Ii arc moving on them with velocities of 30 and 
‘22^ miles per hour respectively ; at a givew instant the front of A is 
3*2 yards short of P, and the front of Ii is 100 yards past P ; find 
how far the two fronts are apart at the end of three-fifths of n 
minute from the given instant, [V2 - 1 414. ] 

Section IV. Averages and Ratio. 

1, A train makes a journey of 89*fi kilometres in 1 hour 
10 minutes. Kind its average speed in centimetres per second. 

2. What is meant by ratio? How would you express the ratio 
of 5 tons to 8 lbs. ? 

3 . Express in their simplest forms 
(a) The ratio of 2} to 7;s* 

(h) The ratio of J of 53 cwt*. 3 qts. 3 lt». to 0'4 of 65 cwts. 

0 qrs. 1 1 lbe. 
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4 . Kiwi (1|- average of 2905, 28*95, *2S 4."*, 2S*< M, 2X*fi2, 29*00, 
29*95. 

5. I >i x nl«* 201 into t In re parts proport tonal to tin* iiiuiiIhth 7, 8, ft. 

6. Kiwi tin' ratio oi £2 17*. tid. to £12 Is*. 1*»1 , and ttie ratio 
of 2 cwtx. 2 tjiK. 10 ]l>s* t<> 12 oiH (1 < j i s. Ill 11 , h. Kind tin* 
difference U*fwi*cn tin* r.Uio^ 

7. How ni m\ jMiimds mi* tin n* in 0 70KIJ24 of .1 toil v How many 
kill ,gi unis nio thrie in it it l*m kilogMiu* njual I 9iHt cwb 


8ection V. Percentage. 

1. 10 rwt. of hiimi i* sold at 2,‘d a pound, t L« r««l*\ gaining 
lls Hd Wit it is tin- jiiotit j»i t <-. nt ■' 

2. A i ontriu toi hods that out of 2000 hn< k* J ,ur usclcm and 05 
,rt* broken What jm rrrntage ot tin- wle-Ir inniil« i ate sound? * 

3. A motor tar was ]>«mght f"i £850, tin* uxeiagc working 

expenses are £ Iff |»< i month, tin* mM oj t *-|i;ur •*. . jm-i annum i,s 

i’7o Wh.it jH-ri'i-ntam- of the < o*t ol tin- rni i* (Ik total annual 

expense * 

4. H tlu* air in a room runt. nns 2n 1 jmi <<-nt. I>y \olmm* of 
oxygen, find the nmnhei of < uln< t< • t of this gas present in a room 
winch measures 1<H fe»*t Mery w u\ 

5. Suppose a eontr.utoi loses 33 jh r eent of his money and then 
Owls he has £2000 h It How mwli had lx at tiist and what did he 
lose ? 

6. A groeer ha* two kinds of tea whuh cost lnni 2s* Kd. and 
2*. Id. per lh. rcHpe<tmly Kind how many 11* of the former 
kind he must mix with 50 |h« of the lattet m> that he mn^’ gain 
25 per eent. hy selling the mixture at 2s 1 Id per |l». 

What is meant l»y jierrentage* 

7. Ihvide £814 among three persons in the ration jj, 2 and 
State what percentage of the total amount null }m rnoh recehcH. 

8. One kind of gunpowder consists of 9 jrer cent, sulphur, 

I f tier cent, charcoal and 77 per eent nitre. Another kind in 
made of *2 parts sulphur, 5 part* eharfo.il and 15 jiartH nitre. If 
200 11«. of each lie mixed together, find the amount of each of the 
three constituents in the mixture 

9. A Bum of £2928 is to lx* divided am«»ng four persons in the 

ration 5 * a" : s : Kind the ah a re of each. 

Slate tho percentage of tin- total amount which each pemon 
receives. 
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10. It js found that a motor car covers a measured distance of 
1(K) yards in 974 seconds. What is the speed in miles per hour’ 
If the estimation of the time is 4 of a second in excess, what would 
be the tywod ? Find the percentage error. 

11. A shopkeeper marks his goods at a price horn which ho can 
deduct 7<J per cent, for prompt payment, and still have a profit of 
10 per cent, on what the goods cost lorn. Find the cost price of an 
article which he marks at £2 I os. 

12. A merchant buys 90 tonf of coal at 17s. fid. per ton ; he sells 
40 tons at 21s. fid per ton and 50 tons at 2.4s. fid. per ton. Find 
the profit per cent. 

13. A merchant buys a quantity of iron ore and hcIIh a part of it 
at a profit of 25 per cent. ; he .sells the lemainder at a profit, of 12 
per cent ; 011 the whole he thereby makes a profit of 18 per cent. 
What {wirt of the original quantity did he sell at the higher price? 

14. A sum of £1000 was invested 111 the purchase of 2* percent, 
stock at 884. Find how much stock was obtained and the annual 
income that will Iki reeened. 

What would have ln*en the income if the £1000 had been invested 
in a 83 per cent, stock at 1(4? 

15. If copper ore costs £3. 19s. 3d. per ton and yields 14 * per 
cent, of pme copper, find the cost of the oie required to produce 
one ton of copper. 

16. Divide £5fi between /I, //, C and I) in the ratios of the 
numbers 3, •>, ", 9. State what percentage of the total amount 
each person receives. 

17. A quantity of ore containing 23 pei cent, of copper is bought 
at 9s. per ewt. , and 9.) per cent, ot the copjier is extracted at a cost 
of 2s. lO^d. per cw t. of ore. Find the pi toe per toil at whioh the 
copper must be sold if a profit of 15 per cent, is to lie made. 


Section VI. 

1, If the price of meat in France is 2‘7/V francs per kilogram, 
what is the piice per pound ? [5 kilos. - 11 lbs. 1 franc = 9jd.] 

2, Find the value in Napoleons and francs of £25. 16s., the 

exohango being 25 fi francs per £1. [1 Napoleon -20 francs.] 

3, Express a pressure of 1 ton per square foot in kilograms 
per square metre. [1 kilogram = 2J lbs. 1 metre = 38*37 ins.] 

4, Supposing a farmer spreads two tons of lime on an acre of 
ground, how many ounces would this be to the square yard, and 
how many grams to the square metre ? 
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5. If in Pans a sovereign can be exchanged for 25 franoa 10 

centime*, and* in Loudon a 20-frano piece can lie exchanged for 

l. r w. 4<L, find what jh gained or lost by changing 1*25 in Paris into 
French money, and then changing the amount received hack into 
Knglish money in London. • 

6. How many jxnindsVnd how many kilograma an* there in 
0*308624 of a ton’ How mgny kilogram* are there in it if 100 
kilos. equal 220 46 11 w. ? 


Section VII. Algebra. 


1. Let x l>e multiplied b\ the Mjuare of y, and subtracted from 
the ( uIh* of ;; the eul*e root of the whole ih taken and is then 
squall'd. Tina if> dmded by the Mini of y and ;. Write this 
algebraically. 

2. Write down algebi.m ally Add twice the Mjuare root of the 
( u1h‘ of x to the product of y Mju.iml, ami the eulto root of a. 
Divide by the ruih of j- ami the square loot of y. Add four and 
extract the square root of the whoh\ 

3. Write <lown algehiaicallv • Square n, divide by the square of 
b, add 1, extract the Mjuare root, multiply b) ir, divide by the 
square of a. 

4. Subtract h 1 from « a and divide the result bv the sum of « and 
b. (i) Express thin algebraically in it* simplest form, (n) Find its 
numerical value when n 8 *352,* 5 -2*742. 


5. When x and y are small, then r m very nearly equal to 

1 4x-y. ‘ ] +y ' * 

What is the error in this when £-0*02 and y -0 03 ? 

6. State what are the value* of a * • <i : ' and of {a*) 4 , and justify* 

your answer* when a ---2. * 


7. Subtract 3o - H> + 2c from ~ 4n-2 b i c. Verify your answer 
by supposing that a b Jj, r- i, and finding the value of eaeh 
of the quantities given^iul their difference. 

8. State what is meant by a 5 6 7 8 9 10 and explain why rc 4 x c^ssa 7 . 

9. Find the value of 


~[a~\b -(c-x) ~(fc + r)} + d] 
when a, b, c, d are equal to each other. 

10. Reduce to its simplest form 

{x + 2y+z)(x + ‘2y~z) - (r- 2 y + t)(x-2y-z). 
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(ii) 


11. Kind the values of the following expression : 

Whim** -7, r - 10 , 

.. ti b r* 

• (r"fi)(a b) + {a -b){h r # + (/» - «')(c - a) ’ 

ft h b r p c a 

(h <•)(<• «)"* (c -«)(« - ft) (ft b)(h-c)' 

12 . 1*111(1 the sum of 

ft I ’lb 3r, * .Tf } b \ 2c and 2a ‘.V) 4 2< . 

Verify your answer h\ supposing that a - b and 

finding tin' value nt eaeli of the quantities given also e and their Mini. 

13. Show that 

4 a 3 b- f 2 (a 2 i //•>) (fi i /.)'•» (fi , b ) 4 (fi'M b-) 2 . 

Verify the identity in the < use when a 2 , b If 

14. (liven ‘hr I, 2i/ If, ; f, find the numerical values of 
the following expulsions 

(i) tlry »y. , 2 .j ; 

!)» 2 1 y ; 


(n) 


•V 




. . If i ; 
in f 

y - » i y 

15. (liven ‘Ar If, ly If and 2, find the nunieiic.il value of 
(i) \'(N i/ fj; »-7)l- \fyii dy * ; 

l r f 2. 


(ii) ^ 

(m) ry { y; - 


16. If 'in -3 and t/> 
1 2 

(0 rn* r* 


, find the numetie.il values of : 


K>» (m > 

> a 


I lf« 3 ab _2/> 3 
l(2haj(;ia + m' 


a b a b 

17. Kind hv how much the quantity 

V x*\px\n) \ r 3 pr + f/7 

exoetMls unity, and verify your answer for the ease in whioh p—2 t 
7.: 3, a?-l. 

18. Omm x 

and /.’ \{ H’ 3 + ic 3 )}. 

If IK— 10, te - 5, find x aud A\ 



1 M 


Find the 


Section VIII. Multiplication and Division. 

1. MnltipH r‘ 2»*y • 3i v v * y' h\ t- 2iy 3r/ v 

2. Diude r 1 (u* J 4 Hr 1*2 l \ r 3. and m* vuii work to 
factorize the dividend 

3. Kind the wjuare <<f r* r* > 1j 3 

4. Multiply j j t r* • .r 1 » r } u - 1 b\ « 1 

5. Multiply r* Wj ! y .'lif b\ j j Hit/ ’ 2y 7 Verify the remilt 

hy ftuppoNtng that f ‘2 and y and f-uhMilutihu these valurn 

in eaen of the tuo (jncii expit-HMoriH and that which \ou have 
foudH for their produet 

6. Multiply ‘-hr 3 - Xr l y 4 try 3 •"'«/ { h\ 2i 5 « Wry f Ay\ and find the 
value of the product when i I, y (I I. 

7. Multiply fw 5 Mm + w) h\ i »r\ and di\ ide the product 

by - l. p mbe(m + m) 5 . 

Section IX. Simple Equation!. 

Solve the following equation)* . 

1. 3x - 2 -2x + 2. 2. JLr < 3 - 9x 9. 

3.&M2=6-2r. l'V' I '. ll lv.0l 

4 0 0 

5. (*-S)(*+|)-(*-5j(*+3)3ia . 


la 
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23. 

If ir I non. 


/’ 

• I 2, find l' 


3 ' Wrx » m* 


con tf t n >»in ft 

Given ft -ft 3, K - lit, (cmD . t) Ktiti, mu o find /*. 

' || 

wherp v 32*2, If- .‘Hi. > 3, h 2. »n 

numeiie.il \alm« of r and y and j y : Jt. V 

21 . t iiM’ii /* x, \ 1 . ir. 

2n 3 • 

Find the nnnniual udue of A* if II' - 100. 

22 . s Vti j/<* 

Find .S’ ’Alien I* o0, t \ 2, j Iti 

H ( 1 , 
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•Solve the following equations : 

' a. (<£ + 7) (-c - 8) — (x — 3)[x + 4) - 4H. 


7 

x 3 2x- 

1 . 


8. 

x a a‘ J + IP x- b 


ftri- i + 4i- 

3~ * 



U itb a 

9. 

K)(* 

i)- 

X 

"5' 

10. 

A . V 2 

*x it x b x 

11. 

x + a x h 

-- a + b. 


12. 

ax ab b 2 x 

2 + 3 


J n+b'a-h 

13. 


1 r l 

1.)- , x 

(.IrV 

40) - 

4 


a '*> 


7 

3 


15, (x - «) (j; - />) - (ar - c)(x - d) + \ (a’ * IP - c 3 - cP) =0. 


Section X. Simple Equations. 

1. If one part of £400 lie put out at 4 per cent, per annum, and 
the other part at 5 per cent, per annum, and if the yearly income 
obtained l*o £18. 5s., find the part*. 

2. A sum of £*23. 1 4s. ih to 1h* divided between .4, B and C ; if 
B gets 20 per cent, more than .1 and 25 per cent, more than C, how 
mueli does each get ? 

3. The sides of a triangle ABC ute together 61 miles long; BO 
is $ of AB and three miles longer than CA ; find the lengths of the 
tides severally. 

4. A^man pays away half his money to A, a third of what he * 
has left to /land a fifth part of what he still has left to (7; iLafter 
these payments he has 12s. 8d. left, liow much had he at first? 

6. A sum of money is divided between A, B and C ; C gets 
twioo as much as A ; .4 and B together get £50 ; B and C together 
get £00; find the sum of money, and how much each person gets. 

0, A oertain number of persons ventured equal shares in a 
business, so as to mako up a total capital flf £1719. 8s. 4d. The 
first dividend was per cent, upon tne capital, and amounted to 
£2. 14s. lOJd. per share. What was the number of shares? 

7. Four lbs. of tea and 8 lbs. coffee cost together 12s. fid. ; if the 
tea beoame 20 por cent, dearer and the oofTee 15 $er oent. oheaper, 
the oost would to 13s. 3d. Find the prioe of a pound of each. 

8. The length of a lino A is nine-tenths of that of another line B, 
and a sixth part of A is 24)1 ft. longer than the tenth part of B ; 
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9. A oyclisl rode a journey at a constant speed of 141 miles an 
hour. If he had ridden 3 miles an hour slower, he would nave been 
64 minutes longer the journey ; how far tlid he ride ? 

10. A and B have hetwcon them £400 ; .4 nwivcn a legacy of 
£350 and then he. has twice os much as B ; find how much ,4*and B 
had at first. a 


Section XI. Mensuration. 


1. hind the area of a pandhlogrnns in whuli one of the diagonals 
is 4H0 ft., and each of tin- |n pt ndi< ul,u* on it from the oniswite 
angle is lot) ft. 


2. r l he areas of a re« t.mgulai and n wjuar* held an equa]| 
lengths of the sides of the former 1» ing 135 5 and In Mj i jm 
respectively, hnuf the lost of en< losing the squam lield-4 
at 2‘5 francs jx-r rm tre 


3. The length of a reetangnlai field is to it« lneadth as 3 to 2, 
and ita area is 1 lt)!l4 square met res Kind the sides and the cost of 
surrounding it with a f« nee at 2 25 francs jh-i metre 

4. A map is drawn to a s' ale of “rti u» lies to ,i rtule ; how many 
square inches on 1 he map w ill repn sent lo a< to on tin* ground ? 


5. A rectangular plot of ground measures 300 »c r» h, its length 
being three times its nrvidth 

hind to the nearest yard the length of fen* e which would bo 
required to enclose it. 


6. The sides of a rectangle are lti ft. and 10 ft long respectively. 

Find the length of the diagonal of a square, the area of w hich equals 
that of the rectangle. t 

7. Jfbe area of a oountry is 32,300,^00 acres ; it consists of three 
kinds of land, vis., first, arable and garden; secondly, meadow, 
pasture and marsh ; thirdly, waste ; the area* of these kinds are in 
proportion to the nuinlx'rn 2, 3 and *j. How many acres am there 
of each kind? 


^ All round the floor of a room, which is 2N ft long and 22 ft. 
wide, there is a Iwrder t»f 2 ft, w ide which is left unc&riietcd. Kind 
the cost of staining the Isirder at Is 1 Jd. a square yarn Find also 
the number of yards of carjiet 27 m< he* wide mjinnil for covering 
the rest of the floor, and the cost of this carpet at 3«. 9d. per yard. 

9. The diagonal of a rectangular plot is 53 feet, its length is 
45 feet ; find the side of a square that shall <*qual this plot in area. 


10. How many yards of fencing will be required to enclose a square 
paddock of 40 acres, ami what will be its cost at £2. 12a. 8a. per 
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11. A courtyard in the shape of an isosceles triangle has each of 

ita equal sides Ho feet in lengtn ami its Iwist* 154 feeti Find the cost 
of pu\ mg at 2s. 9d. per square yard. # 

12. The cost of lewlling a square piece of ground at 7^(1. per 
fequurf foot is £190. 2a. tsi. Find the coat ot .surrounding it with 
an non fence at 2a. 7d. pcr^urd. / 

13. The length of a lectangular tip Id ia to its breadth as .1 to 2, 
and 1 1 h area is 1 1<H>4 square metrea. Kind the coat ot surrounding 
it with a fence at 2 25 I runes per metre length of lsjundary. 

14. A room is IS It. lon/f, 12 It. wide and 11 ft. high: what 
length of |M|>er, a yard wide, would la- required to line ita four 
walla and ceiling ? 

15. The length of a rectangular field is 156 5 metres and its 
width 125 75 metres. If the price of the land ia 5*5 francs jmt 
square metre and the eost ol enelosmg the field by a fence is 2‘75 
francs per metre, what is the latio o| the cost ot the hold to that of 
the fence? 

16. Explain why there aie nine squat c feet in a square yard. 

Oivon that i metie is 39 57 inches, find the length of a side of the 

square whose area is 1 1300 squaie mehes, (u) in metres, (b) in yards. 

17. The floor ot a loom is IS It long and 1 f ft wide. What will 
it cost to eo\er it with linoleum at 2s 3d. per square )ard’ 

18. A rectangular Held is lot •5 niches long hy 103 75 metres 
wide ; find its \ulue at 2 73 tianes jier square metre. 

19. If the cost o| putting a Icnce round the field in the preceding 
exercise weio 2 73 fumes per metie, show that the ratio of the 
cost of the fence to the price of the field is \ cry nearly 1 to 31. 

20. ^ind the ami of a triangle the sides of which are 315 ft., 
3 4S ft. and 4 20 ft. tespectivcly. Find the length of the perpen- 
dicular let tall from the opposite vertex on the side 4 '29 ft. 

21. The sides ol a tnangnlar field aie measured and found to lie 
290 yards, 276 yards and 1 15 yardH respectively. Find the area. 

It is found on examination that the scale used is 0 075 inches too 
long in each yard. .What is the true area? 

22. The parallel sides of a trapezium arp 07 yds. and 143 yds. 
respectively. Find the area if the shortest distance between them 
is 96 yds. 

23. The two parallel sides of a trapezium are 650 and 925 yds, 
respectively. If the area of the trapezium is 661500 sq. yds. , find the 
perpendicular distance betweeu the sides. 

24 . Find the area of a hexagon, length of side 2 ft 
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11. 
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17. 181 


is. c: 

M2a.6d. 

19. 

150035880. 

20 1 S4S0 



21 

4950. 


22. 

10710 


23 149. 1317! 

100 


24 

3: 6<l27. 

20. 

472787. 
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0. 
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221. 
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\ . 9 204. 

10 

1 1 
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i ■ 

i a 

7 H 
* * 4 i 4 


11. 


12 

1 1*a t 13 1 4 ^ 

14 

9 t V 


15. 

81V0V 

1«. 

UtV 

17. 

6/ s . 18 10,'.- 

19 


20. 

7 iV 

21. 

a 4 *T 

22. 

7 fig * . 23. <*. • 

24. 

*r« 


25 

il2- 

24. 

*» 

27. 

1 1 * 1 O 

«T0 • M 5 **• - 

30. 

1. 

31. 
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3. 
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4. 

1 9 

21- 

7. 

(*) 1 ; (») 1- 

S. 2j. 9 1 

10. 

72. 


11. 

82 

9T7* 

12. 

m 

13. 9. 

14. 7. IB. 4 

i. 
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50 
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3 8 8 


166 ’ WORKSHOP MATHEMATICS. 

II. J* # II. *%. 10- 1 1*44 1 21. ( l )%lV» (>*) 1 7 * 

22. 22?. 23. 24. 30l'J. 25. 13jV «l. AV 27. 2}. 

28. 3 y rt . 29. I. 30. 1. 31. 2? 5. 32. A* *3. 960. 

Miscellaneous Exercises V. ( p. 19. 

P 7a iny 2. 1 2 '*• 3. 38f|. 4. 3 yVh‘‘ 5* 4 

!• 110 7* irtif 8. 7.*. 9. o 4*V ^ • 10. A* 

11. T4f* 12. 3i,. A. iVi* !*■ ~:jV 10. 2 93 Sir 1 

1«. \l 17. 9}. 18. JJJ. 19. 4|. 20. »}. 21. 1. 

22. 3{. 23. JJ. 24. 18s. 9d. 25 «}. 26. (i) lJJ; (») -J. 

27. 7JSJ. 28. 1315,400; £2200. 29. I4;n»mutw. 30. £603. 5 b. Od 

31. £4. 4s. I Id. 32. 3 t \ cUys. 33. 2hr«. 24 mins. 34. 1 7 houi-H. 

35. £45. 36. , H V 37. 3s*6d. 38. (i)2 ; (u) 6^. 39. 8s. 4<I. 

40. 1 41. £1. 10s. (hi. 42 («) 1 11). 12 oz., (ft) 10 lb. 8 ot, 

43. ljac. 44. JJ, 19«. 4<1. 45. 3s. l.\d. 46. 1*7. 

Exercises VI., p. 23. 

1. 210-9973(1. 2. 197 19546. 3. 370-52693. 4. 365 2231. 

5. 82 005102. 6. 251-339736. 7. 1035 691. 8. 219 30514. 

9. 370-228427. 10. 225 16774. 11. -533901. 12. 332 72973. 

18. -932402. 14. 8803-96427. 15. 12-7834075. 16. 8-828865. 

17. 44-54408. 18. 8 03898. 19. 33 95277. 

. 314 6386162. 21. 9 1 0 1 56 0025432 1 . 22. 167-27853383. 

. 556x464495. 24. 547 12625. 25. 4674 162. 26. 301*6262. 

32 04147. 28. 72 6781. 29. 148 64236. 30. 64*0888. 

31. 4639-55663. 32. 59 73286. 33. 18-903296. 




Exercises VII., 

p. 26. 



2. 

06424. 

3. 0000128. 4. 

*005025. 

6 . 

366*2348. 

8. 

•0699. 

7. 109733. 8. 

011214. 

9. 

8*74894. 

10. 

43-2467. 

11. 3-2219. 12. 

808-5363. 

IS. 

*0002194 

14. 

340 1466. 

15. 2101*127. 16. 

79682-44. 

17. 

012016. 

18. 

10875. 

19. 167433. 20. 

011214. 

21. 

*107151. 

12. 

*0001287. 

23. 0017283. 24. 

011836. 





Exercises VIII., 

P.f8. 



1. 

*0016. 2. 

•22. 3. 100-37. 

4. 28920. 

5. 

*0051. 

1. 

1662-6. 7. 

4-29. 8. 66600. 

1. 3-7356. 

10. 

*0117. 

U. 76m 12. 

1*2846. 13. -401. 

14. 2-49. 

16. 

•436. 



ANSWERS. 




157 


It. -314. IT. # 12000. 

n. 2501. 33. 98*9. 

86. 1883. 2T. 4oV 

81. 9060. 31 *005 

80. 9673; -005. 


18. 00334. It. *02496. 90. *4007. 

33. 0245. 31 325. 88 . 4632700. 

38. 34 67. 29. 27H3 SO. *0003, 

S3. 631, remainder -033 in. 81 2*8.» 
36y275; -003. 


Miscellaneous Exerciser IX., p. 28. 

1.4-92. 2.4-255. 3 1005 6979 4 -0974815 ; -25. 

5. -02578 ; 009216. 8 3 039 7. l%505 ;9*8. 8. 401 ; 2 49. 

0. 9740*874; 1813 68 10. 440*82. 11. *09375; *78125. 

IS. (1)76*9, (ii> *06 13. (i)290, iii; 6*2682 14 0) 1217 605 » (ii) 45. 

10. *258 , 4*05; 1*045. 16. (i) 1*97485, (n) *25 It. 2. 18, 80. 

It. *08. 30 *0481. 31. *0209. 23. *009216. 28. 


1. 2019*114. 
0. 6*020297. 
3. 26*3896. 
18. *43071. 
17. 1274*897. 
*1. 47975- 1. 
35. *01661. 
39. 3673*706. 
88. *032370. 


1. 32046. 

0. 6 72 5. 
t. ‘070885. 

18. 32*79. 

IT. 317 *5. 

SI. *04705. 

90. *6*28. 

9t. *00348, 

99. 03. 34. 


Exercises X., p. 32. 

2 273*9246 3 170 1635 

6. 302 203 7 1**117297 

10. 44 1922. 11 6 47522 

14. 1826*392. IB *0*17274 

18 1 8s06. 19 197905*8578 

22. 01 6, >58. 23 244393* ». 

26. 20*7969 27 *052583 

30. 324 0642. 31 36 074. 

Exercises XI., p. 33. 

2 29 5. 3 0082.7 

«. *0.791 1 KJ. 7. 43*25. 

10. 31 012. 11. 096175 

14. 435. IB 3*1 8. 

18. 1372. 19. 717 8. 

22. 555. 23. *00243. 

26. iwf>459. 27. 001009. 

SO. 13 75. SI 130. 

007793. SB. 90*16. S8. 3021. 


4. 105 0567. 
8. 16*894668. 
12. 169*209. 
18. *00864. 

20 714*1791. 
24 51-258. 

28 2320346. 
33. 14530*625. 


4 119*57. 

8. 005107. 

12 4230. 

16. *03764. 

20 4073. 

24. *245. 

28. 2460. 

S3 19880. 

37. 03674. 


Exercises XU, p. 36. 

1. *583. X 2'fifflj.l 4 *9375: 028. 

I. 11*8288. 7. *9412. 8 . 11*7578. 


is , , Jill 

f • IL Hflgj. 


0. 1 09375. 
t. 18-402969. 
IX *5269. 
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13. '1SC5. 14. 189. 15. 1271. 16. /A I 1 1 4V5V > f 9 olJnnF* 
17. *0034. 18. 1-29474; G3ol6 ; -32115; 2-89(43$. 19. 412441 

30. 21. J. 22. -2. 23. Ol 24. }§. 35. 19-61 

Exercises XIII/, p. 38. 

1. 189. 2. -347i 3 8-304 i><>ncc. 4. 2028*248 minute*. 

6. 37-072 11)8. 6. 4821 -32 ft. 7. 8*. 7^(1. 

8. -75. 9. -325. 10. £22. 11. 54701*425. 

12. 003 IS. 13. 8 VjV 14. 5-4198. 15. 78 01*2. 18. 6d. 

17. -3140625. 18. 2' 7763625 ; 2 qrs. 7 lbs. 

Miscellaneous Exercises XIV., p. 39. 

1. 7236. 3. C4. 3s. 1W. 3. 6 2.32 4. 000008. 

5. -00161. 6. 826. 7. 43$ 8. -54; 56; Oil 

9. 11U4. 10 I 6 11. -856 12 15 ; II. 

13. 1-82498: , l ,V»V‘* 14 {? ; 420 15 fsi.'l 

16. J- 17 l; 1. 18 (MXjsl 19. 19*66. 

20. ”2/0; 4 v* -><!<>• 21. j ,, • 22 0'j6. 23 . ’46. 

24. I -08448. 35. -9785825; 1024: I. 26. 075 27. -2$. 

28. 19-06. 29. 15. 30. *527. 31. 3 1007. 32. -005469 in. 

33. 38-84 llw 34. 206 58 mm. 35 2owt. 1 qr. 12 lbs. ; 0*066. 

36. Cl. IOh (m! 37 cil. 14s. 8(1. 38. 2s. 4 3(1 

Exercises XV., p. 44. 

I. *oooo. 2. -oonooooioo. 3. -0004 4. is. 6 . 

«. 39*m25; 244*141 : 3906-25; 244140-6. 

7. 8-7025; 25 07; 11 “22; 37 505. 8. 7 25. 9. 000271. 10. 1. 

II. -00.36.30. 

Exercises XVI., p. 48. 

1. 720. 2. 327 : 28.340. 3. -437962 4. 115-23. 5. -0125. 

6. 7000; 9.;. 7. 9-539. 8. 709. 9. 70 205; J J. 10. -02601. 

11. 186. 12. -2,317. 13. 8-426. 14. 91100. 15. 7070. 16. 22-004, 

17. 10 001. 18. .3007. 19. jfj; -2846. 20. r (i) 111108; <ii) 15 3011. 

21. 571)04. 22. 51)7. 23. (i) 2*828; ( 11 ) 1)14. 24. 1411)5. 25. 62573. 
28. GjV 27. 7072. 28. 4 1 <58. 29. 11446. 30. (i)4‘5; (ii) 7*. 

31. 5§. 32. (i) 0-73 ; (ii) 0 9 ; (iii) 1 *2 ; <iv) 1 -47. S3. 20*48. 

34. 0‘5.' 35. 0-73. 36. 253}. 

Exercises XVII., p. 51. 

1. 2*06215. 3 . 47 miles per hour. 

3, 36 miles jkt hour. 4. 3 llw. 6 o 7 . 
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6. 50 mile* jx4 hour. 6. 2672*2 30. 7. 26*2?. • 

9. Ha. 4d. • 9 571299 *23; 0203. 10 £1**72. ‘2s. tki. 

11. 5356^0 ; ISjVoo* 13- 04 05 feet. 13. I4»J1 ; # 

14. 30 5 ft. per aec. 15. 9*9 11 m 16. 591>9. 17. 6* min*. 

18. 13 at. 4 Iba. 19. HWMO. 90. 70400. 

Exercises XVIII., p. 56. 

L -00275. 9 70 ; 9 3*4 3*2*1 4. £H 11s. 10|d. 

3 10. 6 £4M 5*. 7. 1W59 8 

9. 485 miles. 10. 7 * 11 £2*2 1, £210. £350. 

19. 22 c win 2<jrs. 13. 6524 14. 59$, 68, 7l>i 15. 5. 

18. ft 8 ; i SS* 17 - £7 : ai l;i «. 4d . £16. 6*. 8d.; £21. 

15. £7173. 6s. Htl. ; £8070; £8608; i'.VMtO 13a. 4d. 

19. 6a. Gd. 20 £4 5**.; £3 5 h.; £2 10». 

Exercises XIX., p. 59. 

1. £2. 5ft 2 125. 3. £9 la 7-2*1 4 5'. 

6. 18*5 /,. 6. 2S». 7. £S75; 7 i * 8- 142H00. 

9. 12$. 10. 26$. 11 £440 10k 12 £1 I9h 4d. ; 21 *4 

18. Sulphur 2H lbs , chanwil 42 lb* , nitre 21 o lln* 14. 12 72. 

15. 5 per cent. 16. 20 per* ml 17 £62. 1<* 18. 2; 14. 

19. 19 pel cent. 20 19 26 21 £11*6 10a. 22. 20200. 

23. 5s. 3d. 24. 7*95; 1C 5 25 12A<1 26. 07,26*3,6 7. 

27. (a) 1 12 Hm., (h) 50. 28 9S SO II*.. 2*24 98 50. 29. £39.10*. 

I 

Exercises XX., p. 66. 

a. * + * + * or x 1 x 3 j-\ 3 120 ; 100; 12. 

2 4 

4. 96 ; 432 ; 396 5 93 6 44 7. 156. 

8. 20. 9 2. 10 45 11. 9. 12. 5. 

13. 1640. 14 l 15 1560 16. 14179 7. 

Exercises XXL, p. 67. 

l! ll(a + 6 + r^</). 2. 13a- 13& + 9r +2d. 8. 10a. 

4. 23jt- 56. 5. 6x-6 y + HU'i. 8. ax 4 25y^28 - 4t. 

7. <Jcy + 5 az - tre t 5m n - 3/y 8 2a ? * 3a 35 r. 

9. 47a* - 6 s i 3c 1 . 10. \5af> - lex 4 4eA - 8. 

11. 12a s + 6a5-5 a -3a + 45. 31. 12. 194^ 13. 109. 

14. 2a*6 + 7 aJP 4 35 s . 15. 9a s 4 Sac* - 6a*c 4* 3a dt - lacd. 
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• Exercises XXII., p. 69. * 

3. 6tt a -4« + 36-4. 3. yt + y-ia. 4. 3a--7ft? B. 2xy + 16 + 5. 
6. T. - a 3 - 10a 2 ft - aft 8 . 8. 6a^ + 26 s . 9. 5a + 86-te. 

10. -ax-7fty + 2«42. 11. Sx 3 - 3x 3 h 3x - 3. 12. 2a+2ft+flc. 

13. 3*46y-y a -2x430. H.rlOmz + 4bx- 10oy+ 1. 

• r.n 

15. a 3 - 7« 9 ft + 6aft* -I- 4b 5 . 16. '"Jy - .17. dab- 86*. 

18. 14x*y a - 9/ ; 4.c* ) 4x' l if -Jy 4 . 19. x‘ x-y i 7xy* - by 5 . 


Miscellaneous Exercises XXIII., p. 70. 

1. 3ac + 4y-z. 2. ax + i)hj- lie: t mn. 3. 9. 4. 16. B. 2St'4\. 


10. (i) - 40 J ; (it) ijjj; (iii) - 13}. 11. a s - 2ax 4 5x*. 

11 - 7a l 13ft 4 5c ; 34. 13. - 12 xy ; - 24. 14. x 3 4 ISx 2 f 32 ; 64-025. 
16/ - 2a/ ; 18. It 2 a - W, + .V ; - 3'7. 17. V r i 

It (a) < 1 - 6 , ( 6 ) a + 6 , (.■) r . 19 . 50. 90. 20. 

M . 20, 25, 2-4, 26-67. 

» r, F/- 


Exercises XXIV., p. 74. 

1. a* - a a ft 4 9a//. 2. x 3 - 9x*y 4 - 26xy* - 30/. 

«. - 9x*y 4 26 ry* - 2ly». 6.1 6a 4 - 72a*6 s + 81 ft 4 . 

«. 20xy 2!ir 7 f 35x s - 17x> f 5x ; -21. 7. a’+V + c^-Sak. 

9. 35X 4 - 1 2x^ - 1 2.rV 4 72jy* - 35/. io. a 9 - ft 8 4 3a*ft. 

11 . X s + xy: - y 8 t : a 12. x 0 - a 9 . 

13. a 4 - 2a*ft 8 4 b* f 4aftc a - r 4 . 14 . x* f / r s s - 3xyz. 

16. 8a 4 + 4 a*b - 54 a*ft* + 27a// ^ 27ft 4 . 16. + 2x a + ® 

IT. 4a 5 4 8a* - 1 3a// 4 4aft 4 5a - Oft 8 - 5ft* 4 2ft + 1. 

18. x 7 - 6lx* MG7x 4 ~ 108x* + 61x*- 168x+ 10$ 

1ft. a 4 - 3a*ft - 9a*ft* , 23a//- 12ft 4 . 90. x i -4a a x*+3a 4 *-«V 

Exercises XXV., p. 76. 

1. *+y. v 9. a* + 4ax + x*. 3. x*-6x + 9. 

4 a # +aAffc*. 8. a*-aft + ft*. 6. a*-3ax+ x*. 

T. a* -aft- ft*. 8. a* + 2aft426*. 

ft. x 4 4 2ax* 4 3a*x 3 + 2a*y 4 ’ a 4 . 10. a* 4 aft - ac - ftc. 

U. x 4 - «*- 0a*«c* - 7a*x + 49a 4 . 1ft. 3x* - 2xy 4 3 yl 
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IS. r 4 f nr* -Vr a*. 14. t y* 4 :* - yt -*** - *y. 

IB. x* - 5x*y ♦ (L<V - y*. 14. x* * /'V* - /*/x < «/* 

17. 5xy(x*y). 14 r* Ir 1 * llx 8. 

19. x* f ax* oV a*. £0. ,, J - 2x» • 4x ,7. 21. 2x*4 fy 4 3y*. 

S3. 1 2x 1 3x* 3x* i 3x* V' J 23. 3x 3 ‘Jnfcr 'In*!,'. 


34. a 1 -^- 


SB 7x' J I « r uy t 2y a . 


8. -27a -36 
6. x. 

10. f + 14ft - a. 
14. 3<a + 36). 
18. «4,V>-4r. 

SS. 128. S3. 1 


Exercises XXVI., p. 78. 

4 -lftr+lty. 8 13a -216. 

7 x -f 2. 8. a - tj 0. 2 a-h- d. 

11 0 12 lb. 18. 2d. 

15. lOjf. 16 (ill: (ii) i 4 -. 17. 3a + 86. 

10 h 20 2(« 136 -fKV. 21. 35a -276. 

24. 12. r ),V 28. <») jj, (u) 15/',, (in) • 15, (n) 3 y *. 


Miscellaneous Exercises XXVII., p. 79. 

1 ♦> ,r 25nr* ' • 2K.i 4 u 4a’* 

2. *• -2 3 f * 2.( ■ I. 4 .»* » 2 j ,3 8 Zi - 30jm 53:. 

6 (l) r 1 ■ 9j ; y+2Hxy ; 2Jy\ (hi lx‘ * .Yry < 1 ( >y* 

7. (i) |V», (Hi ! 8 (I 

0. 3a 1 .W> nr .'k*r 3 n6V - .V<r t 6< a » 6V a ; 2. 

10. 367a + 66 4 690r - 24 A*>c 1 2» >a6 ; 2. 

11 M r *f -^a**?* C (n>2a 3 -3a*6. 12. - 2r - 30y + 58*. 

O 0 0 0 


13. 2M 3b 1 ,'. 


11 


x 3 Ax* 11 S 4.V 3 Hr 
W * 4 " 3 + 24 ‘ 12 4 

IB. > + *_*%•* 

6 3 3 6 


SI. a(c-b). 

SB. 4. S«. -1. st: ] 

». - i ; 1 ; -};3r 32. 


35x * lay ( 17;. 

9. 

10. 2 (x-y). 
22. 60n - r) t 3ar, 28. 


•/,« «4 

I» V-aU -.-’l,. 

a* ft 3 

17. 26(r f y). 

, Ha 3 56» . 27rf* 

• 5 4 * r 7- 

21 3x*. 


4a 3 x 2 y. 


81 2r*-a*-2a’ + 2a + 7 86. f * 

«V(^)-5 » T.T' *' wr # 

S». 5a # - 10a*6 4- 5air. 40. 4a, 4a* ^4a6. 41. 3aV- 


S0. - 22. SO. 

SS. (1) 2a + y f r; (if) A* 

i. {• 

i 

(te + ty. 
2a4+6». 


41 3x + 4y. 

W.M.i, 
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Exercises XXVIII., p. 87. • 


1. 

7. 

a. 

12. 

S. 

9. 4. 45 + 2 

. 5. 

12. 

6. 

10. 

7. 

5. • 

8. 

15. 

9. 

4J. 10. 20. 

11. 

11. 

12. 

12. 

13. 

13. 

14. 

14. 

IS. 

1. 16. 4§./ 

17. 

4. 

IS. 

40 

TJT- 

19. 

13. 

20. 

6 . 

ai. 

4. 82. 3* 

33. 

4. 

24. 

l 

ao. 

-5. 

20. 

7. 

87. 

(i) f», (ii) 172. 

28. 

25-3. 

419. 

200. 

30. 

(i) 11, 

, (ii) 30, (iii) 4. 

31. 450. 32. 1*2 

33. 14. 

34. 

6 . 





Exercises XXIX., p. 

90. 




1. 

»h «?. 

2. 2~ 

i ft. 

3. 3*. 

4. 100. 

5. 

22; 37. 

e. 

10. 


7. 0. 


8. 3 ; 9. 

9. 6 


10. 

9000. 

a. 

180; 

205. 

12. 

A, £800; //, £320. IS. 

42; 0. 14. 

£600; £3401 

is. 

30. 

16. 

55. 

17. ’ 

70*; 202*. 18. 

IK 

19. 

23-4 

; 15-6. 

ao. 

£i. i; 

Is. 

21. 37; 21. 

32. 02. 33. 

£1. i 

In. lOJd. 

24. 2a. 

ao. 

lUoA. 

ae 

1. 8-24 ; 9. 

87. 2-79 ; 9-77. 

28. 

0-793 

ft.; 

0-528 ft. 


SS. 4 '30 ; 15*01. 30. 30; 20. 31. 44 52 yrs. ; 27 84 yrs. > 

33. («) 18. ‘20. ‘22; (h) 15, 45. 33. 5*. 6d ; Is. (hi. 

34. c(c*~ 1) ; 330 miles. 30. £2. 2s.; 14s. 

Exercises XXX., p. 101. 

I. '0254; '3048 ; 0144; 5*0291. 3. 20 1 104 ; 201 1644; 10093149. 

3. 3 poles 2 chains. fl. 9 yds. 1 ft. 8 484 in. 6. 6290-4. 7. 2414 010. 

8. 39 37 inches. 9.100*9315. 10. fxs. 4‘32d. 11.3070. 

12. (i) 3009-04752 ; 935*43 ; <n) 0 miles 369 yds. 1 *8 ft. 13. 8-224. 

r 

Exercises XXX. (a), p. 110. 

1. 10 om., 5 cm. 3. 97“2cm. 4. 2 45 in. 

5 . 84“ 48', 57“ 24', 37“ 48'; 13 in. 

8. 2| iu., 4 in., 51 in ; 28“ 50', 40“ 36', 104° 28'. 

Exercises XXXI., p. 110. 

1. (i) -92899; (ii) 8-30097. 8. 101 1-07. 3. 830-097. 4. *2018. 

8» '045137. S. 10. 7. 30440497. 8. Utter; -03. 

Exercises XXXII., p.‘ 128. f 

1. (i) 208-0 ft. ; (ii) T \. 8. 233-08 yds, 3. 022-25 ; 155 50. 

4 . 13} ft\ 5 . 488-87 ft. (. 00 ft. 7 . 250 sq. ft 

5. 000 sq. U 30 sq. in. 9. 8 06 ft. 10. 149| yds. ; £33. JIs. 6d. 

II. 3 ft. 9 ii. IS. £1464. 2s. 13. £91. 16s. 2d. 14. £23. Ob. 4*8d 
IS. £1. 15s. V|d. IS. 871 y <& ; £9 - 16*- 10K IT. £1. 13s. 
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is. wj h,. ft % 19. i« 20. u.M. n. i’i 7 . .v *1. aa £-2. o» i ui.* 

m K»ft. 24 # £IK0 as £24 1<K 26. I i. 10 -233 p>. 27 *41 | m t. 

28. S (is nuns V f.j |«k 1 30 217 9 ydn. 81. 

62. £13 :h tji.i 33 li n :t m 34. 2377 -*292 fi 35. yds. 

86. fttS 17s ’Hi. I V 37 32 5 . | .V* » mj. uls. 

88 *mi!r;lul 39 £lu\\s l s.| : £|o I Is 7,1 40 £1 1<»«. 7IH. 

41 IIS \,|s* 42 (-n (in . J/„ . , *'% , (, 1 |J72n | It , 5s. ,m1. 

43. t'llt) Is 44 9\.k « 


Exercises XXXIII., p. 132. 

1 (i I ^ (i s,j ft 2 I 3 S | s. | ft. 

4 *210 s,| in 5 t3 tis 6 <10 m|. vHs 

7 s. | s ,u a 3 . 4 , 1 r 9 i:i:o, s,j j.n, 

10 til a. 2 1 1 ti |.< r 11 12 n,- -2 I 117|*> 12 £5 His 

13 i’s i:u ti 72 14 3000*, ft 15 1 'HI. ’JiM. ‘jrsi, I.MKMI wlrt. 

16. l!7»» 1*1 It 17 1 1 H I v | s, , fi 18 |'2 .u’ 1 (i 

19 1 : 1 : 1 s,, it 20 :t ». :t 1 r» jM, u , i, i:t>, j.i* 21 •_*:»« iiam*. 

22. 90 **2-., It 23 3S It 24 -2l.lt 25. IWiuc. 


1 . Km IS s,| ft 
4. I ,10 ‘2 1 . 

7 . :iih-iowj vis 
10 40 S 7 K.j tt 
13 3 ,i.' 1 r 9 '2 1 


Exercises XXXIV., p. 136. 

1 1 1 lOMKNI a, |, « 3. (} , w . ;f , 

5 s,, links 6 liiiSw, It 

8 4 1 1**|. ft 9 sgo ;> mj. ft. 

11 .‘II tu .'I r I ti 1 >< » 12 1950 

H. 14 :i . 1 ,- I r 15. ‘2.1 . *27 16 lifhian 


Exercises XXXV., p. 139. 

1 . jo influx 2 300 <■«, \ , 1 h 3 jr.s't,. 

4 . ;i 7 l 1‘22 *| ft 5 1039 -2:1 K<) ft 6 loft lint. 

7 Jt HI links g yanlt. 


Miscellaneous Exercises XXXVI., p. 141. 

1. J 1 m 2 in# lit* 1 s,i 3. r»K. 01. i 4 nit. ji*k. 7 - 8 d 

5. gjj^ac. 6 4X45 ; t‘4 h 0.1. 7 45 ><k 8. 3140 w|. yiU. 

#. MU 13 ft. 10. 52 wj ft 11 71 ><1 h. 4 in 12. 10. 

IS. 24 ft 9 in. 14. 10H0 15. OH 58. 16. £2. s«. 3 Sd. 17. 1*. 3.1. 


18. tt yd*. 19. 220 yd*. ; 55>«lt». 20 i‘3. Hu 3*1 

22. 12 nun. 4 mt 23 £22 13* 2*2.1. 

25. 20 7« ft 26. £33 27. H44. 

25 . 335680 «j. link*. 29. 152 075 »(. chain*. 


W.M.I. 


1,2 


21 . §74 yin. 
24. J22 acre*. 

80|£10o. 
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. MISCELLANEOUS EXERCISES. j 

Section I. Vulgar Fractions, p. 143. 

a. I.!.* 3. ,Vo- 4. iV ty'il 6. £1284. 5s. 

7. :• 8 £1. 12s. 4d., £2. 8s. Od/etc. 9. s 7 4 . 

10.200. ii. a. :>s. 12. 2110, io,m is. 1 J, (») 

14 . Is. 8d. 18 . ,1'k, £115; ll\ £172. 10s.; C\ £230 ; //s, £276. 

16 . Cm is 1 1 of li'i s ; 21 HI . 99 . <Tl. 17 . Latter. 18 . £18. 10s. 3d 

19 . Nitre, 107 '21 H>s. ; sulphur, 2128 lbs.; charcoal, 32 48 lbs. 


Section II. Decimal Fractions, p. 144. 


1. 355 •4600.’). 
5. 203 66510. 
9. 0-001)100. 
13. 0 03106, 
17. 284 7. 

21. 0 03106. 
35. 0-4055. 

39. 0-002466. 


2. 70-1307481. 3. 406-449033. 

6. 558-236331. 7. 1 222231. 

10. 04-0700881. 11. 60 108375. 
14. 0 05258. 15. 1 558. 


4 . 387-32020401. 
8. 232 4335. 

12. 8-98O70O72. 
16. 62 25. 

20. 0-006223. 

24 . 0-02665. 

28 . 1701 . 


18 . 31-06. 19 . 3123. 

22 373-3. 23 . 0 007529. 

26 . 2817. 27 . 0 3733. 

30 373 2. 31.(i)0-3123,(u)1706. 

32 . (1)3-123, (u) 1706. 33 . (i) 62 25, (u) 0 4055. 34 . 6 6363. 

35 . 7rt- 36. JJ. 37 . 24. 38 . 0 3301. 39 . 0 8125. 

40 . 105 9 lbs. 41 . 0-5. 42 . 2 52. 43 . 4358 lbs. 44 . 9 364 

46 . 0 004547. 47 . 13 26. 48 . 3 7725. 


Section III. Involution and Evolution, p. 146. 

1. 9 345; 1-748. 

2. (i) 2-886 ; (li) 0 3705 ; (iii) 0 7142 ; (iv) 0226 ; (v) 0 756. 

3. 4 168. 4. 725. 5. 91-5416., 6. 10 237. 

7. 2-00025. 8. 0 00025. 9. 144 sq. yds. 10. 916 3 yd*. 

11. 5 ft. 12. 29 58 ft. 13. 57 yds. 14. 701 yds , 


L 

ft. 



action IV. Averages and Ratio, p. 146. 

3. (<0;l;<6)!5f. 4. 28-87. 

76.’. 6. jj,.]?, ,} s . 7. 1587-321be.; 720 kilo*. 



ANSWERS. 


<% I 

Section V. Percentages, p. H7. # 

X 4}f, or 4 "«V r cent. 2. 7173. S. 31*4 per cent. 

4. 903 1 i*uh ft. , 5 £2983, CUM. «. 4*2 

7, £224. £2 40, £33o, *27 i c ; *29 4S‘ \ 43* . 

ft. Sulphur, 3S |1>S. ; ch.in\jl, ."»S II, s ; nitM\ 304 Ihs. 

9. £040. fiTJo. £70S, £SUO ; 21 OS, *24 7*9. 20 23. 27 32. 

10. 21, 22 S3 11 t‘2 »w J1 12. 29 2. IS. T V 

14. £ 1 1 20 ; { st.Kh : £2-S. 3- 4 .*1 ; £33 13s 0 9.1 
10. £*20 13*. 

15. £7. £11. 13s 4(1, £10 0* >U1 , £21 ; 12 3 20*s3 %, 29*17%, 

3" ’ )f • 17 £0*2 liK 

Section VI., p. 148. 

1. Is. 2 33 nap o IS tinm h, 3 94 .W 

4. 14 SI o/ .',02 3 v'l.im*. 0 IS*, lid 6 091 *32 11* ; 313 ,r >H kilos. 


Section VII. Algebra, p. 149. 


1. "/'< 2 
•r * V * ■ 

/ ~ 1 ^ . r 

s-t/' 7 

1 ' 

3 

4. a 3 01 0 

II 011029 


6 a\ .I 12 , 230, 4090. 

7. ■ 7't • V> r 9 

3.1. 


10 Sry 

11. (1)0, no 12. 

.*. 14. 0) 

29* 

. (ii) 3^,^111)31?. 

10. (i) 4, (11) 2 s, (mi) 2,’ 

16. (i) 

1 1 

.*i . 

<n) Y\ (oO 

17. /,r • 

.r />. r + q 

18 x 1. /{ 

• r > 

19. 2*932. 

20. 14*0.'). 11*08, 0*2430. 

21 21 13 

22 

132 ft. 23. 474*7. 


Section VIII. Multiplication and Division, p. 15L 

•Lx 5 - ixty 4 ‘*T*y 1 + j*V ■ 1 1 r V* 3y 5 . 

1 x*-Xc 4 ; (r+Dlr- 410* 3). 

S. x® - 2Lr* f 4X 4 - 3j** 4 . lOj* 2 1 lx -t 9. 4. i** - 

S. x*- 8x*y £ 1 4-rV/ 2 4 9r 2 y' 4 Oxy 4 . 

«. 4** + 7*Y - l«*v + •'■y 4 ; - 4 toft 7. 2a*. 



WORKSHOP MATHEMATICS. 


Section IX. Simple Equation*, p. lift. 


1. 

4 . 

2. 2. 

3. 

!. *«. 

vr 7 

i * 

5 . 

i 0 

6. 2. 

7. 

!',• 8 

2 (nr i ft 3 ) 

9. 

r, 

1 i * 

10 

11 

^ ... 

a j ft 

a + ft. 

13 

17. 

<1 1 ft 

14 \. 

15 

\ (n f ft 1 C 4 <!). 

• 


Section X. Simple Equations, p. 152. 

l. £17"*, £22.7 2 t7 l Os., e<), i7. 4s. 

3 jo, 24, 17. 4 C2 7s Od 

5. .1, CIO ; /{, CIO; (\ C20. 6 17. 

7. 1m 10J(|., Is. S«l. 8 .1 00 IS ft , /»’_ 10‘2 ft. 

9. .77 miles. 10 Cl .70, £2,70. 

Section XI. Mensuration, p. 153. 

1. 4K000 si | , M 2 I iso frillies. 

3. I JO in., SO in , 007 .7 t nines 4 00 00 s»j. in. 

5. .7.70.7 yds 6 17 NO ft. 

7. 11,400,000, 17,100,000, :i,S00,000 8 Cl. :is., 0-1 yds . Ci‘2, 

9. :i,7 Ml It. 10. 1700 \ds , COSO. 11. £42. 7*. 

12. C10.V 7 2d. 13. 1040 fumes 14. 202 ft. 

15. 0074 • 1. 16 I INI ». 110 2.7. 17. £3. 3*. 

18. 10770 10 1 1 lines, 20. .7*40.7 sq. ft , 2 ,72 ft. 

22 . 1 1.720 sq. mI.s. 

24. 10-3SI hi), ft. 


21. I.7S70 sij. yds,, 10,710 sq. \ds. 
23. S10 yds. 



INDKX. 


A'Mition, 1 : in tL‘< lu.i, 00 . , ,f 

<!<•( lliUll f I .li t lull*', 23 , u| \ ul^.il 
fnu turns, 1 1 

Alp Oruieal, o\prex*i >n, 0.1, Mini, 
(14 

Angulm mcaMiri iimnt, I«i3 
Anglex, i <>m|uit immi <>t Hm tn.i;:m 
tn<h x of, 105 , plum l<i.{ . n]in 
Mentation ,unl iiii .i-nn iim-ii* of, 

KM. 

Aren, British inc.ininx oj. 111. 
measurement of, ||‘J, in* 1 1 it 
measures of, 1 1.1 ; of a hexagon. 
1.1S ; of a ]Niialli lop /tin, 120 ;of 
an> pol)gnli, 140; of any i|iia<ln- 
lateral, 13.1, of a r< ■ tangle, 11*.#; 
of u rhombus, 133 : »fatrajH*/ium, 
134 ; of a tnangle, I JO ; unit < »f. 
113. 

Arena of plane figure*, 117 
Arithmetic, simple m» th<«ls in, 41 
Arithmetical mean, 55 
Averages, 00, 60. 

Knack eta, use of, 77, 82. 

British measures, of area, 114 ; of 
length, 94. 

Caliper*, 98. ' 

Cancelling, 16. j 

Carpeting, 123 ; estimation of cost 
of, 125. 


( i'll! tU. s, ,l](> if, |I|8. 

( Ot III! It lit . tl,1 
( oiiipacisdii of fi.n turns, 11, 

( out n It ipi mt |l lex, (I, , m ml | Mil ta 

( < iiitinui <1 protlm t, “4. 

(onli.Kteil methods, 27; of di- 
Mxion. 32, of multipln ation, 
30 

( ohm rsioii, liei'inmla to \ nlgar 
fruition*, 31, 40; meusnieH of 
•»ie,*., British 1 1 , met Me, 11*1; 
mmxuus of hngtli, Bntish to 
me lii«, 97 

• 

Itnuii.il fruitions 22; eontrueted 
‘liM'imi, 32; eontrai tnl multi- 
plit.itiou of, 30; icetiiring, 27. 
li,gre«>. 103, sul»<li\ lkioitH of, 104. 
Ihrn t piojxution. 54 
ItistenijHTing. estimation of, 122 
l)nihitm. 26. 7-1. 82 ; dnimul frae- 
t ions, 26, 29 , of \ ulgat fractions, 
14. 


Equations, 84; cubic, 65; quadratic, 
8.1 ; simple, 84, 92. _ 

Evolution, 44, 1 

Explanation of fcyrnbohf 02. 
Expression, or quantitf, 65 ; uym* 
bglical, 63. 

Exponent, 65. 
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Factors, 2, 3, 9. 

Fractions, addition, subtraction, 
and comparison of, 1 1 ; decimal, 
22 ; definition of, 10. 

« 

fluuge, screw, 100; wire, 100. 

(Jcometiicul mean, 55. 

(Jreatest common measure, 4, 0. 

Hexagon, 1,38. 

« 

Identity, 85, 92. 

Index, 4, 9, 43, 05. 

Involution, 43. 

Italian method of division, 27. 

Least common multiple, 5, 9. 

Length, 93 ; measurement of, 97 ; 
units of, 93. 

Linings, 125, 

Mean, 01 ; arithmetical, 55; gco- 
meti ieal, 55. 

Mean proportional, 54, 01. 

Measure, 3, 9; greatest common, 4. 

Measurement, 93; angular, 103 ; i 
of length, 97. 

Measures of area, 114; British, 
114; metric, 115. 

Measures of length, British, 94; 
metric, 90. 

Method* Italian, of division, 27 ; 
simple arithmetical, 41 ; unitary, 
54. 

Metric measures, of area, 1 15 ; of 
length, 96. 

Metrie system, 95. 

Mixed numliers, 12. 

Multiple, 3 ; least common, 5. 9. 

Multiplication, 2, 72, 82 , of deci- 
mals, 24, 29; of vulgar fractions, 
14. 

Numbers, mixed, 12 ; prime, 3. 

Operatioii, signs of, 1 . 


'■dr 


iofti, i 

g}»< 

*g,|* 


Painting, Istimation of, 122. 
Papering, Intimates for, ,122. • 


I # 

Parallelogram, 112; area of, 1 
Percenta/es, 57, fW. 

Periinet/r, 12f. , 

Plane figures, area of, 117. 

Power/, 4, 9, 65. 

Primfe numbers, 3, 9. 

Pn/luct, 2 ; continued, 74. • 
Proportion, 53, 61 ; direct, 54. 
Proportional, meaifT54 ; third. 54. 
Protractor, use of, 107. 

Quadrilateral, 112; area of, 135. 

Radian, 103. 

Ratio, 52, 61 ; of small quantities, 

Recm ring decimals, 27, 40. 
Rectangle, 112; area of, 119. 
Rhombus, 112; area of, 133 
Root, square, 44. 

Scale of chords, 108. 

Seievv gauge, 100. 

Signs of operations, 1. 

Simple arithmetical methods, 41. 
Simple equations, 84. 
Simplification of fractional expies- 
sinus, 16. 

Square, 112. 

Square root, 44 ; of a fraction, 48. 
Square vard, 114. 

Staining, estimation of, 122. 
Submultiples, of metre, 96; ol 
yard, 5)4 

Subtraction, 1, 68; of decimal 
fractions, 23; of vulgar frac 
tions, 11. 

Sum, algebraical, 64. 

Surds, 47. 

Syml>olft,|explftnation of, 62. 
Symbolical expression, 83. 
Systefti, British, 93 ; metric, 95. 

• 

Term, algebraic, 65. 

Time, mean solar, 109 ; unit of 
109. 

The British system, 93. 

The metric system, 95. 

Third proportional, 54, 61. 



INDEX. 


!«•$ 


%hyzmm, 112^area ola, 134. 
fl baf lfeg. are* of, 129; Afinition 

< lh 9 \ 

lit, of area, 113 ; of tinit\l09. 


^nit, 

Unitary method, W. 


Unite, 

10,1 

93, 


im«. of angular mcaMuremttit, 
103^ of lungth, munH, un*l turn', 


of prt 

ffinit ions ’ Use of brackets, 77, #2. • 

Varnishing, estimation of, 122. 
Wire gauge, 100. 


Van I, multiples mul sulmiultiples 
. of, 94. 
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